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A REVIEW OF THE METHODS OF BLOOD-FLOW MEASUREMENT 


HE value of dependable blood-flow estimations in man with regard to the 

investigation of many problems of the clinie as well as of the physiologic 
laboratory has never, we think, been in doubt. The technical difficulties and 
limitations of the methods of blood-flow measurement which are at all appli- 
cable to the human subject have, however, been great obstacles to the general 
employment of these methods in the clinic. The plethysmographie method of 
Brodie and Russell’ as modified by Hewlett and Van Zwaluwenburg? for ob- 
servations upon man, is useful in estimating, for short periods, the volume 
flow through the hands. This method is based upon the increase in volume 
which oeeurs in the observed part when a pressure sufficient to compress the 
vein but inadequate to reduce materially the calibre of the corresponding 
artery, is applied to the limb. The degree of swelling of the limb, which is 
dependent solely upon the quantity of the inflowing blood, is indicated by a 
volume recorder whose excursions are calibrated to represent cubic centi- 
meters of blood. By noting the time during which the increase in volume 
occurs, the blood flow in eubie centimeters per minute can be computed. 
When used to measure the blood-flow in isolated organs, this method, ac- 
cording to Brodie is very accurate, and the results practically coincide with 
direct estimations made with the stromuhr. When used to measure the flow 
in the arm of man, however, the arterial and venous pressures tend soon to 
become equalized, and in this way an artificial slowing of the blood stream is: 
produced. For this reason it is only for comparatively short periods that 
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reliable estimations can be made, and the method is inapplicable to prolonged 
and uninterrupted observations upon blood-flow. 

Another method of blood-flow estimation, the gasometric, is commonly 
employed in physiologic investigations. This is based upon the principle first 
laid down by Fick which states that if the total consumption of oxygen in a 
given time be known and the degree to which the oxygen saturation of the 
arterial blood exceeds that of the venous blood (i.e., the volume per cent of 
oxygen taken up by the blood in its passage through the lungs) be determined, 
the amount of blood required to transport this quantity of oxygen may be 
calculated therefrom. Grehant and Quinquand* and Zuntz‘ used this method 
extensively in animals. Plesch® later adapted the method to estimations 
upon the blood-flow in man and recently its technic has been improved in sev- 
eral respects by Krogh and Lindhard.* Though this method possesses a great 
measure of accuracy, the complexity of the procedures necessary to carry it 
out, and the exacting nature of its technic, render it impracticable for rou- 
tine employment in the clinic. Furthermore, such estimations give the amount 
of blood circulating through the lungs or through the entire body in a given 
time and though of great value in the determination of the minute volume of 
eardiae output, do not give us any information regarding local changes in 
blood-flow or enable us to learn the manner in which certain physiologic or 
pathologie states, or various therapeutic measures affect the flow through the 
peripheral vessels. 

For these reasons we have considered the calorimetric method as devised 
by G. N. Stewart’? to be the most suited to our purpose. In this, the flow 
through the hand (or foot) is computed from the heat which the blood cours- 
ing through the vessels of the part gives off to a known body of water con- 
tained in a calorimeter and in which the hand or foot is immersed. By this 
method the blood-flow can be estimated practically uninterruptedly over pro- 
longed periods, and yet the method is sensitive enough to register fairly 
abrupt changes in flow throughout the course of an experiment. The technic 
once mastered is not difficult or burdensome and requires no special labora- 
tory training for its practice. This method, however, has in common with 
that based upon plethysmography, the obvious disadvantage that its applica- 
tion is limited to those parts of the body which are readily accessible, namely 
the hands and feet. ; 


DESCRIPTION OF THE CALORIMETRIC METHOD 


The part under investigation is placed in a specially designed calorimeter. 
This consists of a cylindrical water-tight copper vessel 8” in diameter and 12” 
deep. Its upper end is closed save for one large oval opening 3” x 4” in diam- 
eter through which the hand is admitted, and two smaller ones, one for the 
admission of a thermometer graduated in 4° C., and the other for the pas- 
sage of a metal tube which conveys the compressed air used as the water- 
mixing agent. The copper cylinder is contained in a larger vessel 16” in 
diameter and 14” deep, constructed of galvanized sheet metal. The two ves- 
sels are separated from one another by granulated cork to ensure a high 
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degree of heat insulation. A cork slab 1” thick, in which orifices correspond- 
ing to those present in the inner copper vessel are cut, closes the upper end 
of the larger vessel. To reduce heat loss to the lowest degree possible, a 
jacket made of absorbent cotton 1” thick contained between two layers of 
gauze, is fitted snugly to the outer vessel so as to cover'its top, sides and 
bottom. That these measures are efficient for all practical purposes in ren- 
dering the apparatus heat-tight is shown by the fact that the cooling of the 
water in the ealorimeter amounts, at average room temperature to only .1° C.- 
12° C. in ten minutes, when its initial temperature is 33° C. 

The calorimeter as originally designed by Stewart was provided with a 
pair of goose feathers to serve as stirrers. The observer, by imparting alter- 
nately up and down and to and fro movements to the latter, which were admit- 
ted to the interior of the calorimeter through two small openings in its cover, 
endeavored to maintain a constant agitation of the water therein, with the 
object of securing thorough mixing. We have found, however, such stirrers 


to be unsatisfaetory in that fluctuations in the readings of the thermometer 
oecurred—unless the movement was very vigorous—which we ascribed to imper- 
fect mixing. Moreover, when readings are taken every minute from two ther- 


mometers, as is the case when each hand is placed in a calorimeter, the work 
of the observer becomes unduly irksome. 

For these reasons we have employed compressed air, of suitable tempera- 
ture and vapor pressure, as the stirring agent. This was conveyed by rubber 
tubing from the compressed air supply of the laboratory to a flattened coil 
of lead pipe 14” in ealibre and pierced by pin-holes at intervals of one to two 
inches. The coil was placed within the inner vessel of the calorimeter where it 
rested upon the bottom so as not to interfere with the position or movements of 
the hand. The air issuing from the pin-holes produced numberless small bubbles 
which ascended throughout all parts of the liquid. The supply of air was so ad- 
justed that the agitation of the water was very gentle. Though this was so, 
the mixing was continuous and most efficient. Observations upon heating of 
the water when air-mixing was in operation and when, instead of the hand 
being inserted, a constant source of heat, for instance an electric lamp, was 
immersed in the water, showed a steady rise of temperature without fluctua- 
tions. The eurves plotted from such observations were practically straight 


lines. 

In order that there should be no increase of heat loss through vaporiza- 
tion of the water as a result of this ebullition, the air, before its entrance into 
the calorimeter was made to bubble through a body of water equal in depth 
and of the same temperature as that in the calorimeter. This body of water 
which served as an adjuster of vapor tension was contained in an Erlenmeyer 
flask of 2 litres capacity. As an assurance that the temperature of the enter- 
ing air should be neither higher nor lower than the calorimeter temperature 
and should, therefore, neither add to nor diminish this temperature, the air 
was passed through a copper worm of many turns immersed in a body of 
water at calorimeter temperature (i.e., 30 to 33° C.) ; and contained in a large 
galvanized iron vessel of 6 litre capacity. This vessel was insulated by granu- 
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lated cork and absorbent cotton in a manner similar to that employed for the 
calorimeter. As a means of economizing space the copper worm was arranged 
so as to embrace the Erlenmeyer flask and the whole immersed in the water. 

Each calorimeter was provided with a thermometer graduated to 49° C. 
Its bulb dipped below the level of the water. By means of a powerful convex 
lens placed a few inches in front of the thermometer and a telescope at a dis- 
tance of 5 feet or so, the graduations were so magnified that readings to 
Yoo° C. could be judged with a fair degree of accuracy. Felt cuffs were em- 
ployed to encircle the wrist and seal any space between the forearms and the 
calorimeter opening. 

The calorimeters as originally designed and at present in use in this labo- 
ratory, are inconvenient for clinical work, especially for cases confined to bed 
and seriously ill. This is due to the fact that their construction provides no 
protection against leakage of water when in any but the upright position, and 
in a recumbent patient it is most difficult to get the apparatus low enough to 
enable the hand to be inserted. Simultaneous observations upon the two 
hands, on account of the width of the bed, is quite out of the question. We 
are at present engaged in the construction of a calorimeter which will enable 
it to be placed upon its side without leakage. This has been made possible 
through the employment of a specially designed rubber sleeve, which, though 
water-tight offers, we believe, no appreciable obstruction to the blood-flow. 
A description of the details of this apparatus is reserved for a future com- 


munication. 
MODE OF PROCEDURE IN TAKING A BLOOD-FLOW OBSERVATION 


A known quantity of water usually 2500 to 3000 ¢.c. at a temperature of 
approximately 30.2° C. is placed in the calorimeter. The hand of the subject, 
who is seated comfortably in a chair of adjustable height on one side of the 
apparatus, is placed in the calorimeter and submerged in the water to an 
arbitrary line previously marked upon the wrist (usually at the level of the 
styloid process of the ulnar) by a blue pencil. The arm should hang from the 
shoulder in an easy position without discomfort or straining. The hand is 
kept immersed for a period of ten minutes during which time no readings are 
taken. The felt cuff is not in position during this time. This initial ten min- 
ute period is for the purpose of permitting the temperature of the solid tissues 
of the hand to assume a steady relationship to that of the surrounding water. 
Stewart employed a separate bath for this purpose but we have found it 
simpler to place the hand directly in the calorimeter for the initial immersion. 
At the termination of this period the blue line on the wrist is more precisely 
adjusted to the level of the water, and the felt cuff fitted snugly to the wrist 
in order to close effectually any space between the latter and the margins of 
the opening, and so render the apparatus as nearly heat-tight as possible. 
Care should be taken, however, that the cuff is not applied so tightly as to 
obstruct the venous return. The compressed air is now turned on and read- 
ings of the thermometer are commenced and taken at one minute intervals 
for ten minutes. At the conclusion of this period the hand is removed and 


- 
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the oval opening in the calorimeter closed by a felt dise. Readings at one 
minute intervals are continued for ten minutes longer in order to determine 
the rate of cooling of the calorimeter. The volume of the hand is measured by 
placing it in a graduated vessel containing water. The amount of displaced 
water gives the volume of the hand. In cases where an observation is taken 
upon one hand only, the opposite hand should be kept wrapt up to protect 
it from draughts. The temperature of the patient is taken in the mouth, 
either at the commencement or at the termination of the experiment. The 
pulse rate is usually taken both before and after the observation. 


CALCULATION OF THE BLOOD-FLOW FROM THE DATA OBTAINED FROM THE 
FOREGOING PROCEDURES 


The grams of blood flowing through the part during the course of the experiment 
are calculated from the following formula: 


H 1 
Q=————_ x — 
T — T’ 


where Q represents the quantity of blood in grams, H the heat given out to the water of 
the calorimeter, T and T’ the temperatures in degrees centigrade of the arterial and venous 
bloods respectively, and 1/8 the specific heat of blood. 

The factor H is the product of the weight of the water of the calorimeter in grams 
by the degrees centigrade through which the temperature of the water is raised. Since 
the inner vessel of the calorimeter and the tissues of the hand itself are raised in tempera- 
ture, the mass of these must be translated into terms of water (water equivalent). The 
inner vessel upon determination has been found to have a water equivalent of 100 grams. 
The water equivalent of the hand is taken as its volume multiplied by 0.8. This latter 
figure is a constant arrived at by Stewart from separate experiments; it is the product 
of the specific heat of the hand by its specifie gravity. (In the case of the foot a slightly 
lower figure is used.) H, therefore, is made up of several components. Employing the data 
of an actual experiment this factor may be expressed as follows: 


H Wt. of water equiv. water equiv. degrees rise cooling 
in gram = water of cal. of hand in temp. of cal. 
calories (2500 + 100 + (400x0.8)) x (.5 + 12) 


Since the blood flowing through the hand is the only source of this heat (for the heat 
generated by the solid tissues is inappreciable), it follows that if we can determine the 
number of degrees centigrade that the temperature of the blood has fallen in its passage 
through the tissues, ie. from the arteries to the veins, we may arrive at the number of 
grams of blood coursing through the part by dividing this factor into H. This temperature 
drop is represented by T—T’. The mouth temperature is taken as the temperature of the 
arterial blood. (T). The venous temperature (T’) has been shown by Stewart to be that 
of the average temperature of the water in the calorimeter throughout the course of the 
investigation. This implies that the hand is a perfect radiator, the blood giving up its 
heat readily to the surrounding medium. 


The specifie heat of blood as represented by 1/8 is taken as .9. 
Since the blood flow is more conveniently expressed in grams per 100 c.c. of tissue 
per minute, the result, as obtained from the foregoing data is divided by the duration 
V 
of the observation in minutes and by the volume of the hand over 100 (—). 
100 
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RESULTS 


Normal Flow.—A large number of observations have been made upon the 
blood-flow of apparently normal individuals. The subjects were of both 
sexes and young, their ages varying from twenty to thirty-five years. In the 
majority of the cases, observations were made simultaneously upon the two hands, 
readings being taken every minute for periods of ten minutes. The tempera- 
ture of the room used for the investigations was kept constant from day to 
day during the winter months, the daily fluctuations as a rule not exceeding 
1 or two degrees in magnitude. In order to eliminate the influence of the 
outside temperature, the subject spent a period of one hour or more in the 
observation room, or at least in a room of the same temperature, before the 
observation was commenced. In summer no measures were taken to regulate 
the room temperature, it consequently varied directly with the temperature 
of the day. The features which stand out prominently as an outcome of this 
series are : 

(1) The marked differences in the volume of the blood-flow in different 
individuals subjected to the same conditions. 

(2) The variability of the flow, in relation to the temperature of the out- 
side air, in the same individual. 

(3) The fluctuations in the flow in the same individual during the course 
of an experiment. 

We shall consider these different features of the normal flow in order. 

(1) The differences in the volume of the blood-flow in different individuals 
subjected to the same conditions.—The flow has been found to vary from 1 gram 
per 100 c.c. of hand tissue per minute in some individuals, to 12 grams or more 
per 100 c.c. per minute in others, when the room temperature, time of day, 
and the interval following a meal, were approximately the same in all eases. 
Since the right hand almost invariably showed a higher blood-flow (from 10 
per cent-20 per cent), the flow in hands of the same side were always com- 
pared. 

The series of experiments upon which these conelusions are based was 
eonducted during the winter months, and it was insisted that the subjects 
should be in the building for from one to two hours before the test was com- 
menced, and that the hand should be in the calorimeter for ten minutes before 
the first reading was taken. Several observations (5 or more) were taken 
upon each individual. The duration of the observations varied from ten to 
thirty minutes, the duration of the majority approaching the latter figure. 
Readings were taken every minute and the blood-flow computed for five-min- 
ute periods. Even though the hands had been in the calorimeters for ten 
minutes before the actual estimations were made, the first few readings were 
sometimes erratic, the temperature not rising by equal increments in succes- 
sive one-minute periods. Such readings were discarded as undependable, 
only those being taken after a steady rise had been reached. By calculating 
the results in five-minute periods minor errors, due to inequality in tempera- 
ture rise, or in thermometer readings, were minimized. Calculation of the 
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TABLE 1 


COMPARISON OF BLOOD-FLOW IN DIFFERENT NORMAL INDIVIDUALS 
(in gms. per 100 c.c. of tissue per min.) 


| seme. TEMP, RELATIVE| BAROMETRIC 


SUBJECT DURING | 
FLOW |FLO HUMIDITY! PRESSURE 
| ENTIRE PERIOD 


.|Grams|Grams Grams %  |Inmm. of Hg. 
20/2/2C 2.1 0.5 | -1.8 73 757 
8/3/20 2.5 0.6 58 754 
20/3/20 2.0 01 | -1.7 | 65 753 
30/3/20 2.2 13 | | 49 | 62 747 


13/8/19 20 
19/8/19 
18/9/19 = 
744 
754 
753 
741 
753 
748 
755 


24/2/20 
9/3/20 
9/3/20 

16/3/20 

24/3/20 

25/5/20 
2/6/20 


9/4/20 
3/6/20 
7/6/20 
15/6/20 
16/6/20 
29/9/20 
13/10/20 
15/10/20 


bo 


NHN 


bo 
bo 


749 
754 
753 
744 
743 
749 
753 
754 


748 


26/2/20 
755 


19/10/20 


755 
755 
752 
760 
760 


22/10/20 
22/10/20 
25/10/20 
1/11/20 
2/11/20 


737 
749 
743 
741 
740 
741 


26/3/20 
31/3/20 

7/4/20 
13/4/20 
21/4/20 
13/4/20 


3 
3 
3.3 
9.7 
7.4 
6.3 
6.1 
5.6 
9.8 
2.2 
8.2 
8.0 
8.7 
4.2 
6.1 
6.2 
7.8 
5.4 


average flow throughout the entire list was based upon these five-minute 
estimations. Table I will illustrate the differences in six individuals. It is 
seen that J. C. exhibits a very meagre flow, and though in good health and 
normal in every way, consistently showed a flow of from 1 to 2 grams per 
minute. Only on two oceasions out of 8 did the average flow exceed, or even 
reach, 2 grams per minute. In both these'instances the subject previously 
had unwittingly performed light muscular work. All the observations were 
made at low out-of-doors temperatures. R. H. shows the greatest flow. The 
extremely large flow in two observations on this subject is no doubt due in 
part to the unusually high room temperature. Even for this temperature, 
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| |PERIOD| 
| 
| | 
S. P. 20 | 25 1.4 42 
10 | 19.5 22.4 35 
10 23.5 20.8 92 
10 | 20 17.4 79 
10 | 19.2 10.3 86 
10 5.9 20.5 17.5 77 
10 5.0 21 21.4 61 
D. H. 
30 6.3 29.5 
; 30 7.2 22.5 20.8 77 
10 7.8 22.5 20.8 77 
10 | 3.0 20 14.9 62 
10 | 5.5 22.2 4.4 82 
30 3.7 20 10.5 99 
K. H. 10 | 7.2 21 17.2 73 
| 10 | | 40 |192 71 72 . 
| 10 |17.8 | 15.2 23 11 65 
| 10 (144 | 12.7 21 3.7 58 
| 10 |15.0 12.4 20.3 6.3 99 
| | 10 |14.0 12.2 21 3.7 58 
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however, the flow is considerably higher than the average. S. P. for instance 
shows a flow of only 6.4 gms. when the room temperature was 25° C. 

(2) The variability of the flow in relation to the temperature of the outside 
air—In the summer and early fall when the temperature of the observation 
room was the same as the outside air, the rise and fall of the blood-flow in 
relation to the outside temperature was most definite and pronounced. In 
winter, on the other hand, when the observation room was artificially heated, 
the temperature of the atmosphere of the room at the time of the experiment 
was found to have little influence upon the blood-flow unless the subject was 
resident in the heated room for a considerable time. The temperature of the 
outside air was the dominating influence and remained so for at least two 
hours after the subject’s entry into the building. The following curves 


d 
— 2 dia 3 q 


} | | | 

8 8 i 4 

Fig. 1.—Showing the influence of temperature upon the blood-flow. Continuous line=blood-flow; 


broken line=temperature of outside air. 


(Fig. 1) illustrate the (direct qualitative) relationship which peripheral blood- 
flow bears to atmospheric temperature. These figures are also given below 
in tabular form (ef. Table II). 

The continuous line represents the blood-flow in grams per minute per 
100 ¢.c. of hand substance. The broken line represents the temperature of 
the day in degrees centigrade. The days of the month for both curves are 
indicated along the abscisse. 

In some instances as in the ease of C-, a quantitative relationship between 
blood-flow and atmospheric temperature is seen to exist. In the following 
Chart (Fig. 2) this is shown, the daily temperatures are plotted along the 
abscisse and the grams of blood along the ordinates. The graph shows that 
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a rise of 1° C. causes a much greater change in blood-flow as the temperature 
increases. There is reason to believe that the deviations of the curve from a 
smooth line are dependent upon variations in the cooling influence of the 
atmosphere apart from its temperature, for we have found a relationship to 
exist between the humidity and the blood-flow. Owing, however, to the lim- 
ited number of our observations, we are unable at present to make any definite 
assertion in this regard. The fluctuations in the curve were not found to 
bear any relationship to the barometric pressure. 

(3) The fluctuations in flow in the same individual during the course of the 
experiment.—One of the outstanding features of the blood-flow estimations 
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Fig. 2.—Showing the influence of the temperature of the outside air upon the blood-flow. 
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Fig. 3.—Showing fluctuations in the blood-flow during the course of an experiment. 
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in all the individuals examined was the marked variability in the volume of 
the flow, that occurred within a comparatively short period of time. The 
augmentation or diminution in the flow which occurs above or below the 
mean, is of considerable magnitude, amounting in some cases to as much as 
20 or 50 per cent of the latter. The following curve and table illustrate this 
well (Fig. 3 and Table III.) In this curve the flow had been estimated for 
five-minute periods. When ten minute estimations are made the fluctuations 
disappear to a large extent, indicating that they occur at a certain rate and 


are of a definite duration. 


TaBLeE II 


SHOWING THE INFLUENCE OF THE TEMPERATURE OF THE OUTSIDE AIR UPON THE BLOOD-FLOW 


OUTSIDE TEMPERATURE, IN GRAMS OF BLOOD 


SUBJECT DEGREES CENTIGRADE, AT PER 100 C.C. OF TISSUE 
TIME OF OBSERVATION PER MINUTE 
Cc L. hand 13/8/19 20 1.8 
19/8/19 21.5 2.7 
28/8/19 17.5 1.3 
4/9/19 20.4 1.9 
11/9/19 19 1.3 
sg 66 18/9/19 16.51 0.7 
‘6 66 25/9/19 18.6 1.4 
30/9/19 22 3.9 
W- Rt. hand 13/8/19 22.2 9.7 
19/8/19 23.1 12.1 
66 66 28/8/19 19.9 10.65 
‘6 66 4/9/19 22.1 12.55 
66 66 11/9/19 22.0 12.10 
18/9/19 18.2 9.8 
“6 ae 29/9/19 20.9 11.2 


The fluctuations could not be accounted for by changes in the tempera- 
ture of the room, psychologic influences (special precautions having been taken 
against the latter), variations in the pulse-rate or the presence of draughts. 
In all experiments the room temperature remained practically constant 
throughout and the subject was guarded against draughts which might pro- 
duce a local depression of temperature. The pulse rate was taken before and 
after the observation and in most cases showed little or no alteration. As 
usual the calculations were made from readings taken after the thermometer 
assumed a steady rise in temperature. If the earlier readings showed irreg- 
ular rises they were discarded. The hand in all eases, it is to be recalled, 
remains in the calorimeter for ten minutes before the readings are commenced. 
The variations in flow were not of the same degree in all subjects, some 
showing much greater fluctuations than others. This may indicate a greater 
or less stability of the vasomotor system in different individuals. One may 
only speculate with regard to the cause of these fluctuations. They are pos- 
sibly due to automatic discharges from the vasomotor centres, but on the 
other hand they may be of a reflex nature, and dependent upon some changing 
condition which we have so far been unable to discern. Practically all the 
subjects examined showed a decided decline in the volume of the blood-flow 
toward the latter part of the observation, unless this was of short duration. 
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This faet, already remarked upon by Stewart, will be made evident also from 
consultation with Table III and Fig. 3. The improbability of the fluctuations 
being due to faults in the method of estimation and of being independent of 
alterations in the blood-flow itself, was shown by a series of observations 
taken over prolonged periods, upon the cooling of the water in the calorimeter 
when the hand was not immersed. The conditions under which this series 
of tests was earried out were identical with those under which the blood-flow 
measurements were conducted; the method was employed in precisely the 
same way. These tests of which 15 were made, were of one hour’s duration, 
readings being taken every minute over this period. The graph plotted from 
the changes in temperature recorded each minute over the entire period, is 
a straight line (see Fig. 4, interrupted line). 

The converse experiment, namely, of placing a constant source of heat, 
such as a lighted electric lamp, beneath the water of the calorimeter, and 


TABLE III 


SHOWING FLUCTUATIONS IN THE BLOOD-FLOW DURING THE COURSE OF AN EXPERIMENT 


GMS. | GMS. 
BLOOD BLOOD 
SUB- PART PER 100 | ROOM SUB- OB- PER 100 | ROOM 
JECT | DATE OB- TIME c.c. OF | TEMP. JECT DATE SERVED | TIME c.c. OF | TEMP. 
SERVED TISSUE | ° C. TISSUES| ° C. 
PER MIN. PER MIN. 
-W. 13/2/20 Hand} 4.20 13.0 E. J. | 5/3/20| Hand | 3.50 8.4 | 23.7° 
25 8.3 55 6.0 
30 8613.7 4.00 6.8 
35 .05 7.0 
40 9.2 10 3.7 
J.C. 20/2/20; 3.27 1.1 | 22.2° 15 5.6 | 
30) (0.5 D.D.H.| 473720; 2.49 | 10.3 | 24.5° 
.33 2.1 54 | 12.8 
.36 1.6 59 8.6 
3.04 | 10.9 
42 16 .09 9.2 
45 1.6 14! 10.4 
48 1.1 | 873720 3.50 | 16.1 | 24° 
51 1.1 had 55 | 12.0 
_ 54 0.8 4.00 | 15.6 
K. H. 25/2/20 es 3.50 9.1 25° .05 14.8 
55 9.4 .10 9.4 
4.00 8.5 15 | 10.1 
05 9.5 R. H. |9/3/20| | 245 | 25.6 | 26° 
100 6.5 50 | 22.5 
15 3.7 55 | 27.4 
N.B.T. 26/2720; 21° 3.00 | 23.5 
| 11 4.7 05 | 21.9 
16 85.0 10 | 20.8 
47 13 39 ° 
36 M. S. 10/4/20 24 
31 5.1 24 5.1 
E.J. |27/2/20| 3.13 69 | 23° .29 3.1 
| 18 91 34 3.7 
3.4 
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recording each minute the temperature rise, was also performed. A graph 
plotted from these observations is also practically straight (Fig. 4, continuous 
line), but is of course an ascending one. 

That the fluctuations in the blood-flow curves are well within the limits 
of experimental error is also evident from the caleulations given below. As 
stated elsewhere, the thermometers used were graduated to 0.1° C. By mag- 
nification, readings to 0.01 could be judged. The probable error resulting 
from the thermometer readings, when five minute computations of flow were 
made, has been estimated to be 0.02° C. It is seen from the following equa- 
tion that a difference in temperature of 0.02° C. would represent a difference 


go 
go ax 


Fig. 4.—Curves of temperature rise and fall. Dotted line joins readings taken during cooling 
of calorimeter and the continuous line those while it was being warmed by an electric lamp submersed 


in the water. 


in blood-flow of about 0.5 of a gram only, whereas the variations in flow 
shown in Table III and curve three are of a magnitude of several grams. 


2500 + 100 + (400 x 0. .02 
= 0.49 grams per 100 per minute. 


4x5 x (37.00-30.50) 9 
Mean values from a large number of observations were taken as the data for 


the hand volume, and for the venous and arterial temperatures, in the fore- 
going equation. For the production of the large variations shown in some of 
these curves, an error of from .1° to .2° C. in the thermometer readings would 
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have to oceur. It is quite impossible that an error even approaching this figure 
could exist. 

Observations upon the reflex changes in blood-flow through the hands fol- 
lowing certain local measures, e.g., applications of hot and cold water, and 
draught.—For the sake of greater convenience and in order to eliminate cer- 
tain technical difficulties the great proportion of observations upon the reflex 
changes in blood-flow in the two hands was made by placing one hand only in 
the calorimeter and estimating the blood-flow through it while the particular 
measure, the effect of which was under investigation, was directed to the 
opposite hand. Such a procedure implies that the blood-flow in the two hands 
responds similarly when a given stimulus is applied to one, in other words, the 
homolateral is taken to be identical with the contralateral reflex. We believe 


TABLE IV 


VASCULAR REFLEX TO COLD 


GRAMS OF BLOOD PER 100 C.C. OF TISSUE 
PER MINUTE ROOM T. | MOUTH | PULSE RATE 
eantuaad — RIGHT HAND LEFT HAND °C. TEMP. | PER MIN. 
A B c A B c 

J.E. 16/3/21 | 10.8 — | 47 8.9 | 8.5 8.7 23°C. | 36.8°C. 73-68 
* | 30/3/21 | 44 | 30 | 42 | 52 | 4.1 | 56 | 17° 36.7° 71-64 
: 4/4/21 | 11.1 8.2 2.5 {10.0 | 6.8 6.3 19.6° 37° 80-70 
D.D. .* 16/3/21 | 9.7 1.2 5.0 9.5 | 2.7 2.4 23.8° 36.8° 89-84 

= 21/3/21 | 4.6 2.6 0 2.2 | 1.3 1.8 20.4° 36.7° 88 
¥ 24/3/21 | 6.1 2.2 0.2 4.7 1.3 1.9 19.7° 37.2° 80-77 
5/4/21 | 3.5 2.4 2.8 4.6 | 4.4 3.7 23° 37.1° 93-80 

11/4/21 | 7.3 6.3 0.4 6.1 | 3.0 2.2 20° 36.6° 93 
17/3/21 | 7.3 4.0 8.7 7.8 7.4 21.5° 36.8° 95-84 
21/3/21 | 8.3 2.6 3.6 5.5 | 5.9 4.5 20.1° 36.7° 92-88 

31/3/21 | 6.2 3.6 2.6 5.2 | 5.0 6.6 20.3° 36.5° 78 
G. D. 18/3/21 | 9.3 3.1 0 | 10.7 7.2 8.2 19° 36.7° 96-92 
a 1/4/21 | 8.6 5.1 3.4 8.3 6.1 6.0 17° 37.2° 90-92 
” 5/4/21 | 13.5 5.9 5.1 | 12.2 8.1 | 10.7 21.2° 37.3° 100-96 

N. BR. H. 28/3/21 | 7.4 5.9 6.1 4.8 | 4.7 4.4 17.4° 37.7° 78 
. 1/4/21 | 2.5 2.9 0.6 2.5 2.1 1.9 17.3° 36.6° 82-80 
4/4/21 | 9.8 8.7 4.8 8.8 5.2 4.6 | 19.1° 37.1° 88-80 

-\ = normal flow for 10”. 


B = Right calorimeter emptied and filled with water at about 10° C. 
C = Right calorimeter emptied and refilled with water at about 31.5° C. 


that such a conclusion is warranted by our experiments. The graphs in 
Fig. 5 were plotted from an experiment in which both hands were placed in 
calorimeters and blood-flow estimations made upon each while the tempera- 
ture of the water in one calorimeter (left) was lowered to 10° C. It is seen 
that though the two curves are at slightly different levels, they follow roughly 
the same course. The opposite hand, it is seen, has responded rather more 
promptly to the excitant; this, however, is not the case as a rule. The experi- 
ment which supplied the data for these curves was a protracted one and there 
appears to be a tendency for the flow to rise toward the end of the observa- 
tion. This may indicate a reduction of constrictor tone due to fatigue. 
Table IV was compiled from a series of experiments carried out with a 
view to determine the response of both hands when the water in one eal- 
orimeter only was lowered. The other calorimeter contained water at the 
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usual temperature of 30°-31° C. The results, however, do not show in 
all cases similar responses in both hands. The experiments marked with 
an asterisk alone show a similar response in the two hands, but even in these, 
the response of the contralateral hand was not so marked as those obtained 
for similar temperature differences in later experiments when the flow in one 
hand only was measured. The inaccuracies involved in measuring the blood- 
flow of one hand while it was immersed in water at 10°, instead of the usual 
30 to 31°, we believe are responsible for these differences. It will further be 
observed that the curtailment of flow persists during the ten minute period 


(C) following that of the application of cold. 
In order to avoid these difficulties in determining the relative responsive- 
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Fig. 5.—Vascular reflexes to cold. Thin line gives blood-flow in left hand placed in a calorimeter, 
the temperature in which was lowered by adding cold water. The thick line gives the blood-flow 


in the opposite hand. 
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ness of the hands, instead of using cold water as the cooling agent, we have 
employed a draught produced by an electric fan. Blood-flow measurements 
were made upon both hands placed in calorimeters with water about 31° and 
a fan allowed to play upon one arm only, the opposite arm being shielded. 
Table V shows that the contralateral hand responds to the air current as 
promptly, and to very nearly the same degree, as the hand on that side to which 
the draught was directed. Experiments were also performed to decide whether 
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Fig. 7. 


Fig. 6. 
Flow through left hand before, during and after immersion 


_ Fig. 6—Vascular reflex to cold. 
of the right hand in cold water. 
Fig. 7.—Vascular reflex to draught. Flow through left hand before, during and after allowing 
a fan to blow on the exposed elbow of the same side. 
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both hands responded similarly when heat was applied to one. In all cases 
when one hand was placed in hot water an increase in blood-flow through 
both hands occurred, the increase bearing practically the same ratio to the 
normal in the two hands. Owing to the close agreement of the blood-flow in 
the two hands the estimations in the following experiments were made upon 
one hand alone. 

(1) Effect of the local application of cold water to one hand upon the blood- 
flow in the opposite hand.—The following curve and Table (Fig. 6 and Ta- 
ble VI) illustrate the effect of cold upon the blood-flow in the hand. The 
right hand was placed up to the wrist in a basin of water at from 5°-8° C. and 
kept immersed for a period of ten minutes. Readings upon the flow through 
the left hand, placed in the calorimeter were taken each minute. A prelim- 
inary observation of ten minutes upon the blood-flow in the left hand was 
made prior to the immersion of the right in the cold water, in order to obtain 


TABLE V 


VASCULAR REFLEX TO DRAUGHT 


{GRAMS OF BLOOD PER 100 C.C. OF TISSUE 
PER MINUTE ROOM | MOUTH | PULSERATE 


SUBJECT DATE RIGHT HAND LEFT HAND TEMP. | TEMP. | PER MIN. 
| B | c A | B Cc 
J. E. 30/5/21 | 16.1 40) 99 |13.9 | 7.1 |101 22.8° 37.4° 94-82 


2/6/21 6.0 1.1 | 2.6 6.1 | 1.7 3.1 19.1° 36.9° 78-68 
9/16/21 | 10.4 2.6 | 3.8 8.7 | 4.0 6.1 19.8° 36.5° 64 

J. L. 26/5/21 | 10.8 44 | 7.3 |10.6 | 5.4 7.3 18.8° 36.9° 90-80 
31/5/21 | 16.4 | 14.0 | 13.9 | 12.1 | 10.0 | 10.8 22.4° 36.8° 87 

3/6/21 | 14.0 6.1 | 9.1 9.2 | 41 6.3 20.4° 36.9° 85-80 

F. 1/6/21 | 6.2 1.7 | 34 5.3 | 1.2 4.2 20.4° 36.5° 70-68 

D. D. H. 30/5/21 | 6.9 3.1 | 6.3 7.5 | 5.2 6.1 22° 36.8° 92-88 


22.7° 36.9° 90 


31/5/21 | 16.4 6.3 | 5.7 | 10.2 | 4.0 2.7 

8. U. P. | 27/5/21 | 5.0 3.6 | 3.6 5.6 | 4.6 4.4 19.3° 36.9° 68-66 

16/6/21 | 9.5 5.2 | 8.2 8.7 | 7.0 t.8 22.7° 36.8° 66-64 
5.8 22° 36.3° 66-59 
9.0 
4.0 


21/6/21 6.8 5.2 5.7 7A 6.4 
22/6/21 9.4 8.1 7.2 | 11.6 9.2 24.8° 36.9° 67-64 
2/6/21 9.3 5.0 4.3 6.1 3.1 J 18.7° 36.7° 66-61 
C.N 4/6/21 6.2 1.7 3.4 5.5 3.3 3.4 19° 36.8° 72-66 
B. 16/6/21 8.0 3.5 3.1 8.0 4.5 4.6 21.3° 36.8° 78-74 
C. B. 15/7/21 | 12.0 | 9.2 7.4 9.3 9.2 7.4 27° 36.9° 67-65 
A normal flow for 10” 


} = electric fan on right elbow for 10”. 
= fan stopped and elbow covered for 10”. 


an estimate of the normal flow. It is seen from this curve that the response to 
cold is very prompt, and the return of the flow to normal after the removal of 
the stimulus is equally sharp. The flow in many eases is reduced to 20 per 
cent or 30 per cent by the application of cold and after its removal the flow 
mounts again to normal or nearly so within a few minutes. In all cases read- 
ings were taken for from ten to twenty minutes subsequent to the removal of 
the hand from the cold water. The hand upon its removal from the water 
was thoroughly dried and wrapped in a towel to avoid cooling from evapora- 


tion and draughts. 
(2) Effect of the local application of hot water upon the blood-flow in the 
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hands—The application of heat, as by immersion of the opposite hand in hot 
water, produced an equally prompt response, the flow being very definitely 
increased (Fig. 8 and Table VI). The magnitude of the response, however, 
was not as great as in the employment of cold, this probably being for the 
reason that a greater disparity existed between the cold water and the body 
temperature than was the case with the use of hot water; the temperature of 
the latter was from 47° C. to 49° C. It appears probable from a general re- 
view of the results that the degree of the response bears a more or less direct 
relationship to the ratio existing between the body temperature and the ap- 
plied temperature. This point, however, has not been especially investigated. 


It has been found that though different normal individuals vary to some 
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Fig. 8.—Vascular reflex to heat. Blood-flow in left hand before, during and after the immersion of 
the right hand in hot water. 


extent in their reactions to hot and cold applications, the responses are roughly 
similar in all. In eertain pathologie conditions, on the other hand, we have 
found the responses to temperature changes to be considerably below the 
average. A report of such cases we will reserve for a future communication. 

(3) Effect upon the blood-flow in the hands of the applications respectively 
of hot and cold water to the feet—Reflex changes in the blood-flow through 
the hands were also elicited by the application of extremes of temperature to 
the feet. One or the other foot was placed in cold water at 10° C. or in hot 
water at 47° to 49° C., and observations upon the flow in both hands were 
taken each minute for ten-minute periods. There was in every case a very 
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prompt response to cold, the flow dropping in one case from 7.6 gms. per 
100 ¢.c. per minute to 1.8 gms. in the course of a ten-minute period. The nor- 
mal flow was regained within a few minutes of the removal of the foot from 
the water. The drop as a rule was not so profound as when the cold was 
applied to the opposite hand. Both hands were affected alike, the curves 
when plotted for each running practically parallel courses (Fig. 9). In all 
the subjects observed the reaction was invariably a diminution of the flow in 


TABLE VI 


VASCULAR REFLEX TO HEAT AND COLD STIMULUS APPLIED TO RIGHT HAND 


GRAMS BLOOD PER 100 C.c. OF TISSUE PER MINUTE 

DATE LEFT HAND 

A 

21/12/19 6.9 3.7 X 8.3 x 6.7 
10/1/20 9.6 21.7 §.1 10.1 
5/1/20 9.5 14.4 1.6 1.6 
6/1/20 11.8 15.0 8.6 7.0 
7/1/20 3.9 9.5 6.9 4.1 
8/1/20 70 9.0 7.7 5.4 
8/1/20 6.6 18.2 0.7 4.2 
8/1/20 13.3 17.6 4.7 8.9 
-R. 7/1/20 7.8 18.4 2.2 1.3 
8/1/20 6.6 9.3 0.1 1.2 
M. D. 15/1/20 4.9 20.4 1.8 18.0 
23/1/20 | 6.1 9.8 2.6 AY 
28/1/20 | 7.8 10.4 4.9 5.2 
oP. 13/1/20 10.9 | 10.7 7.5 4.6 


A= = Max. flow before stimulus was applied. 

B = Max. flow when heat (47° C.) was applied to right hand. 
= Min. flow when cold (10° C.) was applied to right hand. 

D = Max. flow after right hand was removed. 

xx = right hand placed in cold water (10° C.) first. 


TABLE VII 


VASCULAR REFLEX TO COLD 
BLooD-FLOW IN HANDS WHEN Foot waS PLACED IN CoLD WATER 


| GRAMS OF BLOOD PER 100 C.C. OF TISSUE l 
| 
SUBJECT | DATE ; PER MINUTE ROOM | MOUTH |pyrseE RATE 
RIGHT HAND | LEFT HAND PER MIN. 
| A B c a | B 
D. D.H. | 10/11/20 | (a) 3.3; 19 | 11 | 40 | 23 | 09 | 23.2° | 37.1° 74 
1/12/20 | |(b) 7.1| 4.8 7.1 8.5 5.0 7.1 23° 37.05° 88 
N. R. H. | 12/11/20 | (a) 7.6; 1.8 | 4.7 6.3 1.6 5.9 21.5° | 36.8° 92 
R. J. | 19/11/20 (a) 6.1| 7.4 | 7.0 7.2 | 5.7 | 64 | 23° 37° 66 
A= normal flow for 10”. 
B = foot placed in cold water for 10% — (a) = right foot, (b) —left foot placed in cold water. 


C = foot removed from cold water and covered—readings taken for 10”, 


both hands when either foot was placed in cold water (Table VII). On the 
other hand when heat was applied to one foot, by its immersion in water at 
about 47° C., the response of the flow in the hands was not in the same direc- 
tion in all individuals. Some, for instance D. D. H. and R. J., gave a prompt 
fall similar to the response to cold, whilst others gave a prompt rise in the 
flow. (Table VIII, Figs. 10 and 11.) The type of the response whether.a rise 
or fall was always the same for the same individual. The possibility of the 
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drop in blood-flow evoked by hot applications, being due to cooling of the 
ankle consequent upon accidental wetting and increased evaporation, was 
guarded against with especial care, so that this may be excluded as a factor 
in the production of the unexpected response to heat seen in some individu- 
als. The reduction in the flow met with in the one class of subjects was of 
very much the same magnitude as the augmentation of flow occurring in the 
other, the one type of curve being approximately the reverse of the other. 
The rise or fall was about the same as that following the application of cold, 
being from 50 per cent to 60 per cent. 

Martin and Mendenhall" have shown that the vascular response to sen- 
sory stimulation is reversed when the strength of stimulus is increased above 
a certain threshold. A mild stimulus in the hands of these authors produced 
a dilatation, and a strong stimulus, a constriction of vessels. A probable 
explanation of the apparently contradictory results obtained by us in dif- 
ferent individuals is that the threshold for vasoconstriction varies in different 
persons. Since the temperature of the water was the same in all our cases, 
a temperature capable of producing a vasoconstriction in one subject, might 
be able to bring about vasodilatation only, in another. That persons vary con- 
siderably in their sensibility to hot water is well known. A temperature un- 
pleasantly hot to one feels tepid to another. Unfortunately no data was 
collected regarding the skin sensations of the subject during the immersion 
of the foot. We hope, however, to increase the number of these experiments 
when observations of this nature will be made with a view to determine 
whether or not, any relationship exists between the skin sensations and the 
vascular responses. 

(4) The effect of draught upon the blood-flow in the hands.—Since the im- 
mersion of the hand in cold water has such a profound effect upon the flow 
in the hand of the opposite side as well as upon the hand of the same side, it 
was to be expected that lowering of the skin temperature by a current of 
air would likewise reduce the flow of blood through the tissues of the hands. 


TABLE VIII 


VASCULAR REFLEX TO HEAT 
BLoop-FLOw IN HANDS WHEN Foot was PLACED IN Hor WATER 


— | GRAMS OF BLOOD PER 100 C.C. OF TISSUE 
SUBJECT DATE PER MINUTE ROOM (|MOUTH PULSE RATE 
RIGHT HAND LEFT HAND — —. PER MIN. 
A B | c | A |B c 
I GD 7/ 1/21 (a) 65) 89 | 76 | 6.8 10.2 | 9.1 | 22° | 36.7° | 99-82 
16/11/20 (a) 0.3) 1.6 2.7 1.0 1.8 3.1 31° 37.5° | 112-90 
D.D. H 15/12/20 |(b) 6.3) 5.8 3.5 5.6 5.4 4.5 23.2° 87.2° 84-88 
19/11/20 (a) ani 32 5.6 8.5 6.8 4.2 23° do 88 
_ R. Je _ 24/11/20 (a) 13.3} 9.4 |10.6 | 11.0 8.6 7.8 22° 36.7° 70 
II N.B.T.| 21/2/21 (a) 64; 63 | 9.7 | 21° | 36.2° | 73 
I. E.| 25/2/21 (b) 16.0/ 18.3 | 19.8 24° 37.2° 83 
8.U.P.| 26/2/21 (b) 4.1; 2.1 3.8 20° 36.7° 68 
SL 4/3/21 (a) 3.0} 62 | 74 | 20.1° | 36.3° | 94-85 


A= 


normal flow for 10”. 


foot placed in hot water for 10”—(a) right foot; (b) left foot. 
foot removed from water and covered while readings were taken for a further 10”. 
es = left hand only in calorimeter—right hand kept covered. 
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In order to study the precise effect of draught, experiments were ecar- 
ried out as follows—one arm was bared to the shoulder and covered with a 
blanket while the corresponding hand as well as that of the other side was 
placed in a calorimeter. An electric fan (18” in diameter) was placed at a 
distance of 3 feet from the subject. An estimation of the normal flow was 
made for a preliminary period of ten minutes. At the end of this time the 
blanket was removed and the fan started to revolve at a moderate speed so as 
to direct a constant current of air upon the arm for an interval of ten min- 


Fig. 9. 


Fig. 9.—Vascular reflex in hands to cold applied to one foot. 
Fig. 10.—Vascular reflex in hands to heat applied to one foot. 
Fig. 11.—Vascular reflex in hands to heat applied to one foot. 


utes; at the end of the time the fan was stopped, the arm re-covered and esti- 
mations of blood-flow made during a final period of ten minutes. The cal- 
orimeter was well protected from the air current so as to diminish self cooling. 
The flow in every instance was greatly curtailed in both hands during the 
time the draught was playing upon the skin. The fall produced was very 
nearly as great as that resulting from the immersion of the hand in cold 
water; a reduction of the flow by 80 per cent was common. Since draught 
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TABLE IX 


VASCULAR REFLEX TO DRAUGHT 


1. DRAUGHT DIRECTED TO LEFT ARM 2. 
GMS. BLOOD PER 100 
C.C. TISSUE PER MIN.| ROOM | MOUTH | RATE PULSE RATE 
SUBJECT DATE ~TLEFT HAND TEMP. | TEMP. PER MIN. SUBJECT DATE : “LEFT HAND ‘| TEMP, | TEMP. PER MIN. 
A B Cc B Cc 
10/2/20 |x134 | 19 | 5.1 | 23° | 368 78 8/6/20 2 | 0.7 | 0.3 | 20° 36.9° 82-73 
16/2/20 | x10.5 | 6.9 Y.1 | 22.5° | 36.4° 69 17/6/29 1.4 1.8 19° + 70 
16/2/20 6.0 6.4 | 22° 36.8° == 11/6/20 5.6 5.0 24.9° 36.8° 69 
16/2/20 2.4 6.1 | 22° 87.2° 72 15/6/20 4.9 5.7 23° 36.7° 74 
17/5/20 0.7 | 75 14/6/20 6.6 | 10.2 23° 36.1? 93-84 
25/5/20 1.2 2.8 | 19° 36.7° 76 16/6/20 2.1 2 21° 36.1° 88-75 
18/5/20 2.7 | 18° 36.9° 74 18/6/29 1.4 3.8 18° 36.7° 80 
18/5/20 3.4 | 18° 36.9° 73 31/5/20 3.7 4.9 $1.7° 36.9° 70 
19/5/20 6.6 | 19.2° | 36.8° 76 3/6/20 8.1 7.2 23° 36.5° 64 
19/5/20 30.7" | 39° 84 7/6/20 2.1 19.5° 36.7° 64 
20/5/20 3.3 | 19° a 78 10/6/20 5.9 6.4 22° 36.8° 66 
21/5/20 aa. | 57-72 15/6/20 5.7 8.3 23.5° 36.9° 64 
28/5/20 17 | 30.2° | 36.7° 56-61 16/6/26 2.5 3.2 20° 36.5° 64 
2/6/20 9.4 | 23° 36.8° ' 88-61 . 18/6/20 0.9 0.7 18° 36.9° 64 
3/6/20 8.8 | 22.6° | 36.8° 60 2/6/20 4.9 9.1 23.8° 37° 74 


9/6/20 2.1 2.6 | 20.1° | 36.7° 92-84 
11/6/20 3.6 8.8 | 24.7° | 36.9° 70 


DRAUGHT DIRECTED TO RIGHT ARM 
GMS. BLOOD PER 100 
C.C. TISSUE PER MIN.) ROOM | MOUTH 
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normal flow. 
during draught. 
after draught. 
elbow wet. 


459 

| 
| 
| 

| | | 


TABLE X 


SHOWING THE EFFECT OF EXERCISE (WITHOUT DYNAMOMETER) ON THE BLOOD-FLOW 
IN THE HANDS 
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GRAMS OF BLOOD PER 100 C.C. OF TISSUE PER MINUTE 


DURATION 


SUBJECT DATE RIGHT HAND LEFT HAND OF 
A B Cc A B Cc EXERCISE 
M. R. | 29/11/19 6.7 7.5 9.6 5.4 6.9 9.3 2 mins. 
2/12/19 7.9 7.0 7.8 8.2 7.5 8.9 ve 
3/12/19 9.4 8.9 7.2 9.3 10.2 7.9 ee 
4/12/19 11.5 11.2 7.4 10.3 13.8 8.6 . = 
5/12/19 6.4 6.2 6.3 | 8.7 9.2 “6 
5/12/19 7.1 4.3 3.3 7.6 6.3 6.3 ‘6 
% 6/12/19 5.2 4.7 3.8 6.2 6.3 6.4 ‘6 
i 8/12/19 8.3 5.2 4.8 8.5 6.6 6.3 “ 
9/12/19 3.8 3.5 4.1 2.2 6.9 6.8 66 
10/12/19 7.9 5.7 5.8 8.4 7.9 8.9 “e 
11/12/19 9.6 7.6 7.8 9.4 8.2 8.0 ‘ 
12/12/19 7.3 7.4 4.3 7.9 7.7 6.3 
“ 12/12/19 6.0 3.5 3.5 3.9 . 4.4 5.6 “6 
ae 13/12/19 7.7 6.0 3.3 8.7 8.8 7.8 ‘6 
vq L. | 29/11/19 8.1 7.9 7.0 8.2 9.7 8.1 “e 


6.3x 6.9x 


1/12/19 7.3 5.2 4.9 9.9 9.9 7.9 g «6 

2/12/19 7.8 8.8 5.9 11.8 11.2 8.0 “6 

‘ 3/12/19 10.1 7.1 5.7 12.1 11.6 8.6 “ 
4/12/19 3.5 5.0 5.0 7.1 8.8 6.7 5 
5/12/19 8.9 7.3 7.4 11.2 9.2 9.3 “6 
B. | 4/12/19 7.2 — 8.5 10.4 6.8 2 
ry 8/12/19 3.9 5.5 4.9 7.0 9.4 8.3 g * 
N. B. T. | 9/12/19 10.9 13.4 12.8 10.8 14.8 11.8 si 

10/12/19 11.1 11.3 10.3 10.8 11 11.1 ah 

11/12/19 12.2 13.4 12.3 6.1 11.9 9.1 “6 

12/12/19 13.1 11.5 8.6 11.3 16.1 8.5 “ 


A = normal flow for 5”. 

B = flow when left hand was exercised 2” or 5”. 

C = after exercise was stopped—readings taken for 5”. 
X = Readings taken for 10” after exercise was stopped. 


produced much less depression of temperature of the part than did immersion 
of the hand in cold water, the arm feeling only faintly cool under the influ- 
ence of the air current, the drop in the blood-flow curve in the case of draught 
indicates a much greater relative response to cooling by this agent than to 
the direct application of cold water. The greater response in the case of 
draught is probably accounted for by the greater skin area influenced by the 
temperature change and consequently the greater number of receptors in- 
volved (ef. Martin and Stiles'*). Fig. 7 exhibits the profound effect upon the 
blood-flow. (See also Tables V and IX.) As a rule the depression is followed 
by a sharp recovery upon removal of the draught. No observations were 
undertaken to determine the effects of draught directed to more remote parts 
of the body such as the back or feet. 

In connection with the foregoing observations upon draught the work of 
Mudd and Grant® should be mentioned. These observers studied the effects 
of chilling of the body surface, upon the vascularity of the mucous membranes 
of the nasopharynx and remote unchilled areas of the skin. Changes in tem- 
perature of the skin and mucosa were recorded by means of thermopiles. 
Their results accord with our own; chilling of the skin surfaces by draught 
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produced, contrary to the general conception of the reactions occurring in 
such instanees, depression of temperature and vasoconstriction of the mucous 
membranes. Distant unchilled skin areas, e.g. scars, also responded by a fall 
in temperature. 


(5) Observations made to determine the effect of local exercise upon the 
blood-flow in the hands.—Some 50 experiments of this character were undertaken. 
Each hand according to the usual procedure was placed in a calorimeter and 
readings taken for a preliminary period of ten minutes. One hand while still 

retained in the calorimeter was then exercised for five 
‘/7 minutes, during which time and for ten minutes after- 
wat wards, readings upon the two hands were continued. 
as - Opening and closing of the hand at the rate of 30 to 40 
complete movements per minute was the form of ex- 
ercise employed. In one group of experiments the 
hand was merely opened and closed at this rate without 
performing work; in a second series the hand was made 
Ts to work against the resistance of a stiff spring con- 
{|| sisting of a flat band of tempered steel 145” in thickness, 
¥,” wide, and 6” long, bent into the form of a bow and 
held in this position by means of a leather thong rep- 
resenting the bow-string. For the compression of such 
| | a dynamometer, so that the extremities of the steel 
band were approximated, 100 gram-meters of work 
were required. 

| The blood-flow through the hand almost invariably 
showed a decided reduction when the opposite hand 
[Hanke arhennipe was exercised and tended to regain its original level 
when exercise ceased. The flow in the exercised hand 
rose in a slightly preponderating number of cases. In 
Bl the remaining cases it fell (Tables X and XI). We 
| : ‘ were unable at any time to predict which effect would 
ail tee TON ensue, for the same individual under apparently the 
mm. same conditions would at one time show a rise, and at 
Fig. 12.—Effect of exer. Other times a fall in the flow through this hand. The 
effect upon the contralateral hand was unequivocal, a 
rising movements of left decided fall being the rule in all the individuals exam- 
ined. The curves in Fig. 12 show an augmented effect 

in the exereised, and a reduction of the flow in the opposite hand. 

These results are contrary to those recorded by Hewlett® by the plethys- 
mographie method, who states that exercise of one arm has little effect upon 
the flow in the other. When an effect was produced it was one of augmenta- 
tion. Stewart,’® however, found a moderate diminution in the flow of the con- 
tralateral hand. 

No observations have been made regarding the effects of general body 


exercise upon the flow. 
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TABLE XI 


THE EFFECT OF EXERCISE WITH DYNAMOMETER ON THE BLOOD-FLOW IN THE HANDS 


GRAMS OF BLOOD PER 100 C.C. OF TISSUE PER MINUTE} room | mouTH 


SUBJECT DATE RIGHT HAND LEFT HAND TEMP, TEMP, 
a | 8 | A B 

5” 5” 5” 5” 5” 5” 

I N. B. T./| 15/12/19 8.3 3.4 3.4 9.1 6.6 8.3 

16/12/19 8.1 6.3 6.5 7.6 7.7 10.8 

16/12/19 6.2 5.7 4.5 8.8 9.4 12.6 

17/12/19 | 69 | 46 | 46 | 64 | 48 | 8.0 

17/12/19 5.2 | 46 | 5.8 4.9 4.4 8.6 

18/12/19 | 59 | 6.3 5.0 5.5 8.1 | 114 

21/12/19 | 6.7 10.5 9.8 

23/12/19 | | 2.2 5.2 6.4 

29/12/19 8.6 9.2 10.6 

29/12/19 | 3.4 5.0 6.2 

29/12/19 7.1 

II 8S. U. P.| 29/ 9/20 5.0 | 4.0 | 7.0 e . 19.2° | 36.8° 
30/ 9/20 | 28 | 24 | 139 3.9 2.9 2.0 16.5° | 36.7° 
1/10/20; 09 | 12 | 21 0.5 0.3 0.3 15° 36.8° 
2/10/20 | 1.9 21 | 2.0 0.9 0 0.7 15° 36.6° 
8/10/20 | 3.5 1.6 | 1.5 4.4 1.7 0.7 21° 36.8° 
13/10/20 | 5.9 52 | 5.3 8.1 7.3 7.0 20.5° | 37.1° 
D. D. H.| 29/9/20 | 1.6 13 | 29 1.3 0 0.8 20° 36.9° 
6/10/20 | 0 | 24 | 2.7 0.7 1.2 0.8 19° 36.9° 
15/10/20 | 54 | 31 | 3.5 6.9 32 | 42 | 225° | 37.3° 
McC.| 5/10/20} 42 | 35 | 42 5.4 3.8 3.8 17.3° | 36.7° 
7/10/20 3.7 | 32 | 26 4.3 0 1.9 | 19° 36.9° 
11/10/20| 67 | 63 69 6.4 6.4 6.5 20° 36.9° 
A= normal flow. left hand exercised. C = exercise stopped and hand resting. 


I 
I 


B= 
B= 


I right hand exercised. 


SUMMARY 


1. Certain minor modifications in the calorimetric method of blood-flow 
estimations (Stewart’s) are described. 

2. From a large number of blood-flow determinations upon normal indi- 
viduals it has been found that the amplitude of the flow differs widely in 
different persons; that the flow fluctuates spontaneously to the extent of sev- 
eral grams per 100 ¢.c. per minute in the same individual during the course 
of an experiment; and that marked alterations in the flow are effected by 
changes in the temperature of the atmosphere. 

3. The flow in the hand may be influenced reflexly by applications of heat 
or cold to either hand or foot. Thus, immersion of the hand in hot or cold 
water produces a rise or fall respectively in both hands. The response to 
draughts is similar in nature to the response following the immersion of the 
hand in eold water. Heat applied to the feet produces in some individuals a 
rise and in others a fall in the blood-flow through the hands; the particular 
effect produced is constant for the same individuals. 

4. Local exercise produces a drop in flow of the opposite hand. The 
flow in the exercised hand is increased in some eases and reduced in others, 
the effect being unpredictable. 

The investigations embodied in this paper were suggested by Professor 
J. J. R. Macleod and earried out under his direction. For his interest, encour- 
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agement and kindly criticisms the author feels sincerely grateful. The author 
also wishes to express his appreciation of the assistance of Miss N. R. Hearn 
who carried out a great number of the blood-flow estimations and prepared to 
a large extent the tables and curves shown in this paper. 


Funds for this research were furnished by the Medical Research Commit- 
tee of the Department of Militia and Defence of Canada. 
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PANCREATIC EXTRACTS* 


By F. G. Bantine anv C. H. Best, Toronto, Can. 


N a previous paper’ we have reported experiments which justify the con- 
clusion that some constituent of the pancreas destroys the active principle 
of the internal secretion of the gland when extracts are made of the gland by 
the usual methods. To eliminate these digestive substances, extracts were 
prepared from degenerated pancreatic tissue ten weeks after ligation of the 
ducts of the pancreas by which time the acinar but not the insular cells are 
said to have disappeared. From this material we secured small quantities 
of very active extract. The question of a more rapid and economical method 
of securing larger quantities of the extract soon became of prime importance. 
Ibrahim? could obtain no conclusive evidence of the presence of an active 
proteolytic enzyme in the pancreas of the human fetus till after the fourth 
month of intrauterine life. Carlson* reported that in pregnant bitches near 
term, complete pancreatectomy was not followed by severe glycosuria in 
uncomplicated eases till the young were born. Allen* was unable to confirm 
this finding. The most natural interpretation of Carlson’s result is that 
the pancreas of the fetus furnishes to the mother an internal secretion which 
is necessary for the metabolism of sugar. These facts coupled with the 
evidence afforded by our previous experiments suggested the possibility that 
the fetal pancreas might prove a source of an extract rich in internal secretion 
and yet free from the destructive enzymes of pancreatic juice. 

In order to test this hypothesis a quantity of pancreas was obtained from 
fetal calves of less than five months’ development. The tissue was macerated 
in Ringer’s solution, and the liquid filtered off. The filtrate was tested on 
several different diabetic dogs and found to produce similar effects upon the 
percentage sugar of the blood and on the sugar excreted in the urine as did 
the extract prepared from degenerated pancreatic tissue. The extract was not 
found to contain any proteolytic enzyme. 

In this paper we are reporting two experiments in which such extracts 


of fetal calf pancreas were used. 


EXPERIMENT I 


A total pancreatectomy was performed upon Dog 27 on November 14; 
weight of the animal, 5 kgm. The effects of injections of the extract are 


given in Table I. 


EXPERIMENT II 


Chart I is the graphic record of some interesting experiments performed 
upon a dog (No. 33) from which the pancreas was removed on November 18, 


*From the Department of Physiology, University of Toronto. 
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TABLE I 
Dog 27—PANCREATECTOMY NovEMBER 14—WeEIGHT 5 KILOGRAMS 


DATE HOUR BLOOD SUGAR EXTRACT SUGAR EXCRETED WEIGHT 
Nov. 15 10 A.M. - 5.0 k. (Total pan- 
createctomy ) 

Nov. 14 3 Pp. M. .28 - = - 
Nov. 17 8.30 A. M. .30 5 ¢.c. 12 noon 16 to 4.1 k. 

9.15 A. M. .20 - 9a.M.17 - 

10 A. M. 5 4 gms. 

6 P. M. 15 § 
Nov. 18 9 A. M. 175 10 c.c. Previous 24 hr. 4.1 k, 

10 AM. .08 vol. of urine 

6 P.M. - 10 100 ¢.¢., no sugar. 
Nov.19 9 A.M. 21 - Previous 24 hr. 4.2 k. 

6 »P. M. 10 vol. of urine 225 

e.c. sugar free 
Nov. 20 10 A.M. .20 10 c.c. 4.3 k. 
Nov. 21 10.15 a. M. .26 10 e.e. 
Nov. 22 9 A. M. 25 12 e.c. 
Nov. 23 9 A. M. 12 
Nov. 24 9 A. M. ~ 10 c.e. 
Nov. 25 9 A. M. ~ 10 ee. 
Nov. 28 6 Pp. M. - 2 c.c. 
(concentrated ) 
Nov. 29 6 P.M. 5 c.c. 
(concentrated ) 

Dec. 2 11 A. M. 15 - Previous 24 hr. 4.0 k. 

6 vol. 320 c.c. 

gms. sugar. 

Dee. 4 12 A. M de 6 c.c. 


Dog 27 was removed from the metabolism cage on November 20. Sugar excretion was 
not followed in the interval between November 20 and December 1. On November 20 the 
animal was in excellent condition which was maintained until December 2. At noon Decem- 
ber 2, six ee. of fetal ealf extract prepared 16 days previously was injected subcutaneously. 
This extract had been prepared under aseptic conditions and immediately after its prepara- 
tion was found to have a very low bacterial count. The solution was kept in a refrigerator 
some distance away from the ice. At 3:30 Pp. M. December 2, the dog showed symptoms of ° 
a peculiar nature. Periods of unconsciousness with convulsive twitchings, rctraction of the 
head, salivation and frothing alternated with periods of semi-consciousness. These symp- 
toms lasted from 3:30 P. M. to 6 P. M., after 6 P. M. the animal gradually improved and 
at 8 P. M. was resting quietly. On December 4 at 12 a. M., 6 ec. of the same extract was 
again given. At 1:30 P. M. the animal began to exhibit symptoms similar to but more 
severe than those noticed on December 2. The dog died during the night of December 4. 
Postmortem examination showed that all the pancreas had been removed and there was no 
evidence of infection, Twelve e.c. of the same extract as was used in the latter part of this 
experiment injected into a normal dog produced no apparent reaction, 


1921. Daily sugar excretion in grams and 24 hour urine volume are clearly 
shown in the chart, from which it will be seen that in twenty-four hours after 
the operation (November 19, 10 a.m.), the percentage of sugar in the blood 
was 0.33 per cent. Ten c.c. of filtered fetal calf extract were injected intra- 
venously and one hour later the blood sugar was 0.17 per cent. At 7 P.M. 
November 19, the blood sugar was 0.37 per cent when 10 e.c. of extract that 
had been passed through a Berkefeld filter were injected. At 8 p.m. the blood 
sugar was 0.26 per cent. At 9 a.m. November 20 the blood sugar was 0.37 
per cent when ten e.c. of neutral Berkefeld extract which had been kept in 
a water-bath at 78° C. for thirty minutes were injected intravenously without 
causing any change in blood sugar. From this and other experiments we 
believe that the active principle of this extract is destroyed by heating it to 
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approximately 65° C. At 4 p.m. November 20, 10 ¢.c. of extract which had 
been boiled twenty minutes in the presence of 2 per cent HCl was injected 
intravenously. No reduction in the percentage of blood sugar was observed. 
Similar results were obtained with corresponding concentrations of other 
acids. At 7 p.m. November 20, when the blood sugar was 0.40, 10 c.c. of 
neutral and Berkefeld extract, given intravenously, lowered it to 0.23 per cent 
in three hours. 


18 Nov. NOV.2L 
“tt 


Chart 1.—(1) 10 c.c. filtered fetal calf extract intravenously. (2) 10 c.c. Berkefelded fetal calf 
extract intravenously. (3) 10 c.c. of (2) heated to 78° C for 30 minutes. (4) 10 c.c. of (2) + % cc. 
glacial acetic boiled for 30 minutes. (5) 10 cc. of (2) + % c.c. hydrochloric boiled for 30 minutes. 
(6) 20 c.c. Berkefelded fetal calf extract subcutaneously. (7) 10 c.c. of (1) subcutaneously. (8) 10 
c.c. degenerated pancreas of dog intravenously. 


ct 


Chart 1 (continued).—(9) 100 c.c water. 10 gms, dextrose. Dog converted to longevity ex- 
periment December 5. Chloroformed January 27, 1922. 
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On November 21 the blood sugar was lowered from 0.43 per cent at — 
10:15 a.m. to 0.3 per cent at 2 p.m by the subcutaneous injection of 20 ¢.c.~: 
of Berkefeld extract. On November 22, 10 ¢.c. of a freshly prepared concen- 
trated extract of fetal calf pancreas was injected subcutaneously with the 
remarkable result that the sugar of the blood fell from 0.40 per cent at 
4 p.m. to the subnormal level of 0.075 per cent at 9 p.M. On November 24 at 
10 p.m., 10 ¢.c. of a seven days’ old extract containing 0.7 per cent tricresol 
caused the percentage of blood sugar to fall from 0.43 to 0.22 per cent at 
11:15 am. On November 28 at 9:30 a.m. the blood sugar was 0.43 per cent 
and 10 gm. sugar in 100 e.c. of water injected intravenously raised it to 0.60 
per cent and 8.53 gm. of sugar were excreted in the urine in the four hours 
following the injection. We were unable to follow the blood sugar curve as 
closely as desirable owing to the difficulty of obtaining blood by venepuncture. 
At 6 p.m. on the same day 6 ec.e. of a more concentrated fetal calf extract were 
given subeutaneously and next morning (at 9:30 a.m. November 29), the 
blood sugar was found to be 0.18 per cent when 4 e.c. of the same extract 
was again injected. The blood sugar at 2:30 p.m. was 0.048 per cent and the 
urine collected from 9:30 a.m. to 3 P.M. was sugar free, the volume excreted 
between 12 noon and 3 p.m. being 68 ¢.c. At 3 P.M., 4 ¢.c. extract was admin- 
istered and at 4 p.m. 10 gm. of sugar in 100 ¢.c. of water were injected intra- 
venously. The blood sugar at 7:30 p.m. was 0.05 per cent and in the two 
hours following the injection of sugar 0.51 gm. were recovered in the urine 
after which the urine was free of sugar. On November 30 the animal was 
in good condition. On December 1 it excreted 14.84 grams of sugar in a 
volume of 520 ¢.c. of urine and on December 2, 320 ¢.c. of urine and 10.94 
em. of sugar. 

At 10 a.m. on December 3 after eighteen hours’ starvation the blood sugar 
was 0.28 per cent when 10 ¢.c. of concentrated fetal calf extract were given 
by stomach tube in order to find out whether absorption of the active prin- 
ciple of the extract might occur through the gastric mucosa. At 2 p.m. the 
blood sugar stood at 0.23 per cent when another 10 c.c. of extract were given 
by mouth. The blood sugar rose slightly during the next hour. On the fol- 
lowing days December 4, 5 and 6 the animal exereted 4.95, 8.40 and 15.70 
grams of sugar respectively. 

Since the animal at this stage was still in fairly good condition, even 
though there had been considerable irregularity in the administration of ex- 
tract, it was decided to discontinue using it for the purpose of testing the 
relative potency of different forms of extract and to administer to it the most 
efficient of these in regular dosage so as to determine for how long a time 
the animal could be kept alive. On December 7 the injection was made with 
fetal calf extract prepared as described above, but on December 8 an extract, 
prepared by extracting the pancreas with alcohol, evaporating to dryness 
and redissolving the residue in distilled water, was used with the result that 
4 ¢.c. caused the blood sugar to fall from 0.30 to 0.15 per cent in one hour. 
A second injection of this extract (12 ¢.c.) was given at 1 p.m. and at 5 P.M. 
the blood sugar was 0.12 per cent. It will be seen that the principle upon 
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which the preparation of this latter extract depends is the same as that of 
E. L. Seott® and the favorable results led us to see whether adult pancreas 
could be used in place of fetal. Six e.c. of whole gland extract prepared as 
above were therefore injected daily from December 8 to January 3 inclusive. 
On January 4 the administration of extract was discontinued and on this day 
the dog excreted 12.86 grams of sugar in a volume of 450 c.c. of urine. The 
animal was in good condition and was on a diet of lean meat. On January 
5 it was not so hungry or so lively as on previous days and 4 grams of sugar 
in 350 e.c. of urine were excreted. On the next day (January 6) 3.5 grams of 
sugar and 320 ¢.c. of urine were excreted and the animal was in a very poor 
condition compared with that of a few days previously. On January 6 the 
diet was changed to one of milk and biscuit along with meat, and the sugar 
excretion rose to 25 gm. At noon on January 7, while on the same diet, 8 c.c. 
of whole gland extract were injected and the twenty-four hours’ sugar excre- 


Figs. 1 and 2.—Dog No. 33 nine weeks after total pancreatectomy. 


tion was found to be 22 gm. A further injection of 10 ¢.c. of extract at 9 A. M. 
on January 8 brought the sugar excretion down to 2.0 gm. 

The original weight of the animal (33) was 10.1 kgm., and one week after 
the pancreatectomy it was 8.1 kgm. This was maintained fairly constant 
throughout the second and third weeks after the operation and then slightly 
increased. From the fifth to the ninth week (see Figs. 1 and 2), during 
which time daily injections of 6 ¢.c. of whole gland extract were given, the 
condition remained good and was so on the 63rd day when, to convince 
ourselves that the extract was necessary to the health of the animal, we 
discontinued its administration for three days (21, 22 or 23 of January) with 
the result that the dog became so weak that it was barely able to stand. Ex- 
tract was again given on the 24 and 25 of January with decided improve- 
ment. On January 27 when the dog weighed 7.9 kgm. it was killed by an 
overdose of chloroform and a careful autopsy immediately made by Dr. W. 
L. Robinson, Pathologist at the General Hospital, Toronto. His report is as 
follows: 
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REPORT OF AUTOPSY FINDINGS ON DOG NO. 33 


We made a very careful examination of this dog with the object of 
determining if any pancreatic tissue had been left from the operation, or if 
possible, an accessory pancreas were present. 

The area formerly occupied by the pancreas showed no gross evidence 
of pancreatic tissue. There were a number of firm fibrous adhesions about 
the duodenum. These were sectioned, and on microscopic examination showed 
no evidence of pancreatic tissue remaining in them. 

The duodenum was then examined and nothing abnormal found except 
for a small nodule (see Fig. 3) about 3 mm. in diameter situated in the wall 
at the mesenteric attachment and 10 ems. below the pylorus. This on micro- 


ake 


Fig. 3.—Section of wall of duodenum at seat of pancreatectomy. 


scopic examination was found to consist of what is apparently a nodule of 
pancreatie tissue, lying in the submucosa. Serial microscopie sections of this 
however, failed to show the presence of any Islands of Langerhans. 

No other gross or microscopical evidences of pancreatic tissue could be 
found. 
(s) W. L. Robinson, 

Pathologist, 
Toronto General Hospital. 


EXPERIMENT III 


To study the effect of an intravenous injection of whole gland (normal 
beef panereas) extract upon the blood pressure of a diabetic animal, Dog 
27 was anestethized and its blood pressure recorded. (See Fig 4.) After 
the intravenous injection of five ¢.c. of extract, the blood pressure fell ap- 
proximately 50 mm., but regained its original level in less than two minutes. 
The effect of a similar dose of extract upon the blood sugar of an unanesthe- 


tized diabetic animal would have lasted for at least six hours, and the lowest 
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level would have been reached in from one to two hours after the injection, 
The fact that administration of extract to this animal caused very little fall 
in the blood sugar, indicates that in anesthetized diabetic animals, extract 
of known activity causes only a slight reduction in the blood sugar, a fact 
which we had observed before. Further details of the interrelationship of 
the effects of anesthesia and extract will be reported later. 


EXPERIMENT IV 


The purpose of reporting this experiment is to show the relative effects 
of extracts prepared in various ways. (No attempt was made to prove the 


Fig. 4.—Blood pressure tracing following administration of extract. 


dog totally diabetic, nor was the excretion of sugar followed closely since 
we wished simply to ascertain by the blood sugar whether a particular ex- 
tract contained the active principle or not). On December 8, 1921, Dog 35 
(see Chart II) was completely depancreatized. The animal made a good post- 
operative recovery. On December 11 we injected 6 ¢.c. of an extract prepared 
from the pancreas of this animal in the following way. The entire pancreas 
immediately after removal was cut into small pieces which were put into 
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Chart 2.—(1)—6 c.c. extract whole dog pancreas intravenously. (2)—10 c.c. extract whole 

per stomach. (3)—10 c.c. extract whole cow pancreas intravenously. (4)—10 c.c. 

extract liver intravenously. (5)—10 c.c. extract spleen intravenously. (6)—10 c.c. extract thyroid 
intravenously. (7)—10 c.c. extract pancreas intravenously. (8)—10 c.c. extract thymus intravenously. 
(9)—6 c.c. extract whole pancreas of cow dialysed. (10)—10 c.c. dried extract redissolved in saline. 


Dog chloroformed December 19. Cachexia. 


cow pancreas 
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0.2 per cent HCl in 95 per cent alcohol and allowed to stand till December 
10. It was then macerated, filtered, and the clear filtrate evaporated to 
dryness in a warm air current. On December 11 this dry resin-like residue 
was emulsified in 25 ¢.c. Ringer’s solution and 6 ¢.c. were given intravenously 
at 10a.M. The blood sugar dropped from 0.46 to 0.18 per cent in three hours. 

On December 12 at 3 p.m., 20 ¢.c. of an extract made from the pancreas 
of a cow in the. same manner as outlined above, was given on an empty 
stomach by stomach tube. The blood sugar fell from 0.41 at 3 Pp. m. to 0.28 at 7 
p.M. At 9p. M., 10 ¢.c. of this same extract was given intravenously. The blood 
sugar fell from 0.28 at 9 p.m. to 0.11 at 12 p.m. On December 13 (see Chart 
II), about 20 gm. each of liver (4), spleen (5), thyroid (6), and pancreas (7) 
were extracted in identically the same manner as outlined above. There was 
no reduction in blood sugar following the intravenous injection of extracts of 
liver or spleen; a slight fall occurred (from 0.35 to 0.27) following the ad- 
ministration of extract of thyroid and a marked one (from 0.27 to 0.12) fol- 
lowing one of pancreas. 

On December 14 at 9:30, 10 ¢.c. of extract of thymus (8) made in the 
same way as were the liver, spleen and thyroid, were injected intravenously. 
There was a slight temporary fall from 0.33 to 0.26 in one hour. At 2 p.., 
6 c.c. of an extract prepared as above from pancreas and which had been 
placed in a parchment dialyzer in running water for twelve hours caused the 
percentage of blood sugar to fall from 0.33 to 0.09 per cent in three hours. 

On December 15 200 mg. of the residue of ox pancreas extract were 
washed twice in toluol and then in 95 per cent aleohol, then dried again 
and emulsified in saline. At 10 a.m. this was given intravenously. The blood 
sugar dropped from 0.37 to 0.06 per cent in four hours. On December 16 at 
9 a., 10 @.. of concentrated fetal calf extract were given per os. Blood 
sugar fell very slightly (0.38 to 0.35 per cent). On December 19, the animal, 
by this time considerably emaciated, was killed by chloroform. 


DISCUSSION 


The foregoing observations were undertaken, partly to determine whether 
extracts having an antidiabetic power equal to those prepared from the 
degenerated pancreas could also be prepared from the normal gland, and 
partly to find out whether frequent injection with active extracts would prolong 
the life of a depancreated animal far beyond the limit of time which such 
animals ordinarily survive. In connection with the preparation of the ex- 
tract it has been found that fetal ox pancreas and, with certain modifications 
in the method of preparation, adult pancreas as well, furnish highly potent 
extracts. These extracts are however somewhat toxic, and they are apt to 
cause local abscesses at the point of injection. This method of preparation is 
being materially improved by various important modifications which are being 
worked out by Dr. J. B. Collip and which will be reported in the near future. In 
connection with the effect of the extract on the longevity of the depan- 
created animal, one of our observations would seem to afford fairly con- 
This animal (33) lived for seventy days and at autopsy no 


elusive results. 
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pancreatic residues were found by macroscopic examination although by 
microscopic examination of serial sections of the duodenum a small nodule of 
pancreatic tissue (containing no islets) was found in the submucosa. It does 
not seem likely that so small a piece of pancreas could be responsible for 
the maintenance of life in the animal but, of course, the experiment is not 
finally conclusive. We are engaged in its repetition and will report the re- 
sults in due time. ; 


CONCLUSIONS 


By intravenous and subcutaneous injections of neutral saline extracts 
prepared from the pancreas of the bovine fetus at about the fifth month, the 
percentage of blood sugar and the daily urinary excretion of sugar are 
markedly reduced in depancreated dogs. 

Daily injections of extract of pancreas enabled a depancreatized dog to 
live for seventy days. 

The active (antidiabetic) principle of such extracts is destroyed by 
boiling in strongly acid reaction but it is not affected by the presence of 
tricresol which may therefore be used as a preservative. 

The depressor action of the extract is short-lived. 
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YEAST THERAPY AND URIC ACID EXCRETION* 


By Artuur H. Px.D., with THE CoLLaBorATION OF Harry J. DEVEL, JR., 
LeaH ASCHAM, AND FLORENCE B. Serpert, New Haven, Conn. 


T PRESENT bakers’ yeast is being widely recommended and used as a 

therapeutic agent for treatment of various ill-defined irregularities of 
metabolism. The familiar cake of compressed yeast represents a mass of liv- 
ing cells containing nucleoproteins which are purine-yielding precursors of 
uric acid. It is also conceivable that yeast may influence endogenous uric 
acid formation through an effect on cellular metabolism. Carefully controlled 
experiments dealing with the effect of yeast ingestion on uric acid excretion 
have not been published. Therefore, the following studies have been under- 
taken to elucidate some of the questions at issue. 

Salomon? has described the results of ingestion of ‘‘nutritive yeast’’ which 
is evidently a dried product used as a source of protein. He showed that, 
when 40, 80 and 100 grams of this substance were taken, there was a definite 
increase in the urie acid excretion; hence, gouty persons or those with uric 
acid ealeuli were advised to refrain from consuming large quantities of nutri- 
tive yeast. Funk, Lyle and McCaskey? likewise reported experiments on per- 
sons in whom ingestion of 20 to 69 grams of dried yeast led to an increased 
content of urie acid in blood and urine. The most commonly recommended 
dose of commercial compressed bakers’ yeast is three small cakes per day 
representing about 12.5 grams of solids. Using the data of Meisenheimer* we 
estimate that the possible yield of purine nitrogen from this quantity of yeast 
is at most less than 0.06 grams, furnishing a negligibly small quantity of 
urie acid. 

The uric acid excreted represents the end product of metabolism of not 
only the food purines but also the purines derived from body cells, i.e., it may 
have both endogenous and exogenous origin. Mares* suggested that the 
activity of glandular cells, especially those of the digestive tract, play an 
important réle in the formation of urie acid. Mendel and Stehle® described 
experiments which seemed to bear out the idea of Mares. Work and profuse 
sweating have also been considered the cause of increase in uric acid output.® 
The question therefore arises whether the therapeutic dose of yeast, though 
unimportant as a source of exogenous uric acid, might prove to be a stimulus 
to metabolism such as would be reflected in an increase in the endogenous 
urie aeid. 

The subjects of these experiments were four persons working in the lab- 
oratory. The daily regimen was similar to the conventional ‘‘ purine-free’’ diet 
based on eggs, milk and cheese, except that it was found desirable to include 


*From the Sheffield Laboratory of Phvsiological Chemistry Yale University, New Haven, Connecticut. 
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a vegetable salad in the noon meal. The same kinds of food were eaten every 
day, and although they were not weighed it may be inferred from the total 
nitrogen excreted that the intake was fairly constant. The diet was low in 
purines. Approximately forty calories per kilo of body weight were provided, 
and the weight of the subjects remained constant throughout. 

The fresh cakes of compressed yeast were eaten before meals as recom- 
mended in the advertisements. It is stated that for those troubled with ex- 
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cessive gas formation after eating yeast, suspending the material in boiling 
water kills the cells and prevents undue fermentation. None of the per- 
sons found this procedure necessary although when large numbers of yeast 
cakes were eaten, there was considerable gas formation in the gastroenteric 
tract. 
The urie acid in the urine was determined by the colorimetric method of 
Folin and Wu. Hydrogen-ion concentration was ascertained by the colori- 
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metric method using methyl red and thymol blue as indicators. Total nitrogen 
was determined by the Kjeldahl method. 

Subject ‘‘A’’ ate three cakes per day for ten days; subject ‘‘F’’ ate three 
cakes daily for six days and then six eakes for four days; subject ‘‘S’’ ate 
three cakes for three days, six cakes for three days and nine cakes for four 
days; subject ‘‘D”’ ate three cakes for three days, six cakes for three days, 
nine cakes for three days and fifteen cakes on the last day. We thus obtained 
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data on the effect of the recommended dose and on twice, three times and five 


times that amount. 

There was no significant change in the py of the urine of any of the sub- 
jects during the entire experiment. A mild laxative effect was noted during 
the yeast period, followed by some constipation during the after period. The 
highly digestible character of the diet favored constipation, however. The 
first period of the experiment extended from June 13, 1921, to July 11; then 
to determine whether or not there was a long delayed effect of the yeast, 
another eontrol period was run throughout the week of August 15. Subject 
‘‘’? had eaten yeast from the end of the first experiment up to within thir- 
teen days of the beginning of the second control period. 

As will be seen from the charts, there was no significant change in the 
values for urie acid elimination in any of the subjects throughout the experi- 
ment. The values in the second after-period were the same as those of the 
first after-period. Apparently the level of nitrogen metabolism was slightly 
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higher in both after-periods which might account for the very slightly in- 
creased urie acid elimination in those periods. (See Mendel and Stehle.°) 
The constaney in urie acid output was maintained in spite of the fact that 
during certain periods three of the subjects took twice the therapeutie dose 
of yeast (six cakes), two ate three times the dose (nine cakes) and one ate 
five times the dose (fifteen cakes containing 62.5 grams of solids). That the 
yeast was digested. to some extent is indicated by the general rise in total 
urinary nitrogen level during the yeast period in all but one of the subjects. 

To determine whether or not yeast cells escape disintegration in any con- 
siderable number in the digestive tract, samples of feces were incubated with 
proper controls in the synthetic medium of Fulmer, Nelson and Sherwood.’ 
During the yeast-feeding period viable yeast cells were found in the feces of 
every one of the four subjects in considerable numbers, but few cells showed 
budding. Unfortunately these determinations could not be carried out quanti- 
tatively; yet we feel that we were not dealing with adventitious yeast cells, 
for the feces of three persons not in the experiments gave negative results 
as did the feces of subjects ‘‘F,’’ ‘‘D’’ and ‘‘S”’ seven days after the end of 
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the yeast-feeding period. It is apparent, then, that the yeast employed does 
not continue to grow in the human intestine even after repeated seeding. 


It follows from the above data that the ingestion of live yeast is not 
attended with such an increase in metabolism as would augment the excretion 


of endogenous uric acid. 
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SUMMARY 


There is no evidence of an increase in uric acid excretion following the 
ingestion of the commonly recommended therapeutic dose of live bakery yeast. 
When twice, three times and five times this dose was taken there was like- 
wise no increase in urie acid excretion over the level attained on a purine-low 
diet. 

Viable yeast cells appeared in the feces in large numbers during the yeast 
period but disappeared promptly after the ingestion of yeast was stopped. 
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LABORATORY METHODS 


NEW LABORATORY APPARATUS* 
By Joun L. Lairp, M.D., Pa. 


bee necessity for the performance of a considerable and increasing num- 
ber of tests in a minimum time and with a more or less fixed staff in the 
Pennsylvania Department of Health Laboratories has led to the invention of 
a number of instruments for mechanically facilitating the work. 

Their possible value and interest to laboratory men make a description 
of some of them and their uses seem desirable. 


AUTOMATIC PRECISION PIPETTE 


This instrument was invented for the primary purpose of increasing the 
speed and accuracy of filling test tubes with the various reagents in the per- 
formance of the Wassermann-Bordet Reaction. 

It consists of a three-way tip (Fig. 1), the base arm of which (a) is 
ground to fit a Record Syringe; the receiving arm (b) is supplied with a 
valve which is released by suction on withdrawal of the piston of the syringe 
and closes upon pressure on insertion of the piston; and a delivery arm (c) 
in which the valve has the opposite arrangement, closing on suction and open- 
ing upon pressure. We realize that the principles involved in this portion of 
the instrument are not new but it possesses the novel feature of its application 
and the fact that it has been successfully applied. The latter fact is largely 
due to the character and setting of the valves. The majority of instruments 
which have been similarly constructed have carried ball valves which are 
difficult, if not impossible, to make tight fitting; this has led to leakage which 
vitiates their purpose. The valves are of the hydraulic type as shown in Fig- 
ure 1, which not only set firmly but are of a form which allows of the proper 
addition of springs which increase their rapidity of action, the importance of 
which will be readily seen. 

The Record Syringe was chosen for the pipette because of features which 
render it peculiarly adaptable to the purpose: (1) All sizes of the Record 
Syringe fit the same tip: (2) The glass barrel allows of observance of the con- 
tents: (3) The plunger, carrying an expansion ring, fits fairly tightly and 
allows of very little back leakage: (4) The metal plunger, staff and cap, the 
staff threaded into plunger and button and the cap being firmly and easily 
attached, allowed of the addition of the novel adjustment which governs the 
quantitative receipt and delivery of the instrument. (Fig. 2.) 

The adjustment consists of a metal sheath (a) surrounding the piston 
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staff and threaded through the syringe cap; it carries forty-eight threads to 
the inch allowing of nice adjustment to any position on the syringe; the 
plunger striking the inner end is stopped thereby at any point desired to force 
the receipt and delivery of a definite amount of liquid. A set-nut (b) fitted 
to the sheath may be firmly clamped down to hold the sheath in the desired 
position against the repeated jar of the piston. 

On account of the possible positions of the sheath for varying capacities, 
a piston staff of double the length is substituted for the regular staff. 

For automatic filling, which allows of the use of the instrument with one 
hand, a spiral spring is applied about the staff between the button and the 
top of the adjustment sheath. This requires the use of a syringe of at least 


Fig. 1. Fig. 2. 


twice the capacity of the amount desired for delivery. We have found this 
arrangement most satisfactory for the Wassermann work. It might be added 
that the angle of the delivery and receiving arms (f and e) to the base of the 
tip as shown in Fig. 2 has also proved most convenient. 


SETTING UP AND ADJUSTMENT 


The tip is applied to the syringe precisely as one applies a needle, and 
held in place by either the special clamp (d, Fig. 2) or by means of a rubber 
band attached to a side-armed ring placed directly above the metal base of 
the syringe and extended around the receiving arm of the tip. A 1000 c.c. 
separatory funnel of the pear shape (b, Fig. 3) proved most satisfactory as a 
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receptacle for holding the stock solution. This is attached to thé receiving 
arm of the pipette by a seamless rubber tube of sufficient length to allow of 
free movement of the instrument over the surface of the tube rack. The fun- 
nel is conveniently mounted in a ring stand placed in back of the tube rack. 
Adjustment of the syringe is now made by setting the sheath so that the base 
of the plunger is stopped on withdrawal at the graduation on the barrel of 
the syringe corresponding to the amount desired for delivery. It is of great 
importance to have the entire system completely filled with liquid before any 
measurements are made or the instrument is employed for filling tubes. This 
is accomplished for the tube leading from the separatory funnel by either 
raising and lowering the tube to the level of the contained liquid or stripping 
it toward the funnel from its tightly compressed end before its attachment 
to the pipette tip. It is sometimes more difficult to fill the tip and the syringe, 
especially when using the small sizes, 1 and 2 ¢.c. syringes, mostly employed 
in the Wassermann work, on account of the short stroke and consequent 


Fig. 3. 


slight suetion action. This may be facilitated by relieving the valve in the 
receiving arm by the insertion of small stiff wire; further by unlatching the 
cap, drawing the plunger completely out and, if necessary, filling the barrel 
with the solution to be used, a replacement of plunger will thus cause the 
valves to be released easily and produce a good working condition. Several 
charges should then be delivered with the tip pointing upward in order to 
remove the last possible air bubble. Final adjustment is now made by deliv- 
ering a recorded number of charges into a volumetric flask. If the pipette is 
to be used for a delivery of one cubie centimeter, one hundred charges should 
exactly fill a 100 ¢.c. volumetric flask to its graduation. If the amount falls 
below this mark, the sheath should be further adjusted by releasing the set- 
nut and turning the sheath out a few threads. A retrial with the volumetric 
ilask is then performed and repeated until the unit delivery is proved accurate. 

Certain precautions are necessary in the use of the pipette. It can be 
readily perceived that any leakage of the valves would render the delivery 
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amount inconstant. It is, therefore, important first to have an adjustment of 
the valves which will insure rapid and perfect action. This is accomplished 
primarily by the springs on the two valves possessing the characteristics nec- 
essary to bring about the proper action under the different conditions in 
which they function. The spring of the receiving-arm valve is a long spiral 
of fine spring brass which has an easy resiliance suitable for acting in a total 
fluid medium; that of the delivery-arm valve is short heavy wire of phospher 
bronze which has a strong quick action, although giving easily under liquid 
pressure, which is suitable for easy release on delivery and for rapid recoy- 
ery to prevent the intake of air through which medium this valve must also 
act. It is further advisable to take steps for preventing any solid particles 
entering the system, which could cause leakage by unseating of the valves. 
A small disk of 200 mesh copper screen in the base of the separatory funnel 
as shown in Fig. 3 will do much to prevent this, especially in the use of blood 
suspensions and serum preparations in which small particles of fibrin are so 
common. Leakage may be determined by lessened resistance and back-flow 
in the receiving arm and the presence of air bubbles in the syringe from the 
delivery arm. Possible leakage may be further checked by multiple recorded 
delivery into a graduated cylinder; this should always be done where leakage 
is suspected during the use of the instrument. Correction of the condition is 
easily accomplished by unceasing the faulty valve (Fig. 1) and freeing it and 
its seat of the offending matter. 

It should be further noted in the use of the pipette that, where different 
solutions are to be employed, the system should be cleansed with normal salt 
solution and after filling the stock vessel and tube with the new solution, at 
least seven charges should be discarded. This will entirely replace the salt 
solution in the syringe and tip with the new solution. 

After use, the system should be cleansed with distilled water and the 
syringe and tip, either emptied and thoroughly dried or, a more practical 
method, the syringe and tip allowed to remain filled with distilled water. 
This will lessen oxidation of the metal parts. 

The accuracy and speed of the Automatic Precision Pipette render it 
valuable in bulk work. Tests have proved the delivery to be constant to 
0.0001 gms. This is, we believe, more accurate than is possible by the most 
eareful hand pipetting under similar conditions. It was found that an expert 
worker with the hand pipette was capable of placing 1 c.c. charges from a 
10 ¢.c. pipette into 100 tubes in an average time of slightly over five minutes. 
Even an inexpert worker with this instrument can charge 100 tubes in less 
than one minute. Moreover, the shaking of the tubes necessary in the Was- 
sermann-Bordet reaction after the addition of the blood suspension, occupying 
about one-half hour to four hundred tubes by hand, is accomplished by the 
foree of the discharge of this reagent from the instrument, thus eliminating 
this time entirely. In other words, with greater accuracy, one is able to place 
in the Wassermann tubes, the complement, amboceptor and sheep cells and 
shake the mixture in a large series of reactions in approximately one-tenth 
the time necessary for hand pipetting and shaking. 


fi 


NEW LABORATORY APPARATUS 481 


In the Pennsylvania Department of Health Laboratories the instrument 
has been used mostly in Wassermann work, for complement, amboceptor and 
sheep cell suspension. It has performed satisfactorily during the past year 
in over thirty thousand tests. Preparation having been made by assistants, it 
has allowed this number to be performed by one worker. 

The construction and method of operation of the Automatic Precision 
Pipette suggest other uses to which it may be, with very slight modification, 
applied, e.g., accurate measurement for dilution, quantitative bottling, aecu- 
rate animal inoculation, as for diphtheria toxin and antitoxin testing and for 
blood transfusion. 

The author has lately devised a modification of this instrument, shown in 
Fig. 4, which possesses several points of practical advantage. The syringe 


( f) is mounted upon a stand carrying the tip (d-e) and supplied with a driv- 
ing lever (b). The adjustment is made by the set screw (a) which is held 
firm by a pinch thread and regulates the play of the piston by stopping the 
rider (h) attached to the lever and piston staff. The syringe is held firmly to 
the tip by pressure on the cap by an adjustable finger clamp. This arrange- 
ment allows the use of any Record Syringe without modification other than 
removal of the button and screwing the end of the piston staff into the rider, 
and eliminates breakage to a large extent due to the holding pressure being 
exerted upon the entire body of the syringe and the jarring of the piston 
Stop being direct, having no straining effect on the syringe as in the former 
construction. 
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The operation is also much more smooth and rapid and naturally less 
tiring to the hand of the worker. The extension of the frame by the body 
guide (g) renders the direction of the pipette into the tubes accurate and 
steady during operation. This is held against the chest or shoulder during 
use, the tip is held by the left hand while the right operates the lever. 


In running a series of tests whether by hand or with either of the instru- 
ments it is wise to fill each test tube and its control successively. With the 
instrument last described this is most easily done, on account of the direction 
being governed by the easy bending of the body forward or backward by 
filling the tubes back and forth over the whole rack. 


MULTIPLE CENTRIFUGE TUBE HOLDER 


The necessity for electrical centrifugalization of specimens of blood to 
separate the serum from the clot for Wassermann testing is influenced to a 
considerable extent by how the blood is taken and the size of the collecting 
tube. Although physicians are directed to take the blood by simple puncture 
of the finger into tubes 10 mm. in calibre supplied by this department for the 
purpose, in which ease centrifugalization is often unnecessary, many speci- 
mens are received at the laboratories not taken this way and requiring cen- 
trifugalization. This formerly was done by placing eight specimens at a 
time in the ordinary centrifuge, which consumed considerable time when han- 
dling hundreds of specimens. A multiple tube holder was, therefore, de- 
vised, as shown in Fig. 5, to hold twelve specimen tubes instead of one. The 
holder is so constructed that it is perfectly adjustable to the head of the 
International Instrument Company Centrifuge. The brass compartment lat- 
tice is removable, under which is placed a rubber buffer. The balancing of 
the holders is simple but care should be exercised to place, insofar as is pos- 
sible, tubes of approximately equal weight in corresponding compartments of 
two counterbalanced holders. We have found for nice adjustment of balance 
the use of small glass beads very convenient. 

The saving of time by this device may be easily computed when by this 
means one is able to prepare ninety-six specimens to the load instead of eight. 
One might suspect that the exposed area of these holders would increase the 
resistance and thereby lessen the speed or increase the work of the motor. 
This is, however, not the ease in using the shielded instrument, in which the 
air content of the shield revolves with the head eliminating this factor to a 


great extent. 
A PIPETTE DRYER 


The pipette dryer (Fig. 6) consists of a copper box mounted on a wall 
bracket at a 30° angle. It is twenty inches long, which will accommodate 
pipettes of the capacities in common use, ten inches wide and five inches deep. 
The cover is hinged at the top and when open, due to the dimensions and 
angle will rest securely against the wall in a straight line with the face of the 
box. The lower posterior angle of the dryer is supplied with small openings 
for drainage into the sink above which the apparatus should be mounted. 
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The base carries a screen tray of 200 mesh copper wire to allow of free drain- 
age of the pipettes and prevent breakage of the tips. 

The apparatus has eliminated the unsightly practice of keeping used 
pipettes in glass jars and similar receptacles in the Laboratory, increased the 
rapidity of drying and lessened breakage. Where desired it may be con- 
strueted so that the copper box is removable from the bracket and may be 
inserted into a sterilizer for sterilization of the contained pipettes. 


Fig. 7. 


MAILING CASE OPENER 


The instrument shown in Fig. 7 deserves passing mention because of its 
usefulness. It consists of two wood blocks loose-hinged to a base block at 
the outer ends, which may be fastened to the face of the table or other con- 
venient place. The hinged blocks carry at their inner end a steel-toothed 
clamp, each representing slightly less than the semicircle of the radius of the 
cover of the mailing case. They are held away from the base block at the 
inner end by a light band spring which thereby opens the clamp to a larger 
diameter than the mailing case cover. To open the mailing case, the cover is 
inserted between the jaws of the clamp and pushed firmly forward when the 
hinged blocks coming together as they approach the base will clamp the lid 
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tightly. A quick turn of the body of the case will then easily unscrew the lid. 
Considerable time, trouble and injury to workers’ fingers and disposi- 
tions have been curtailed thereby. 


FORMALDEHYDE STERILIZER FOR MAILING CASES 


It had been the practice in this Laboratory, as in some others, to discard 
mailing cases after use for carrying infectious material, viz., tuberculous 
sputum, ete. This is done to protect the carriers and handlers of these cases 
in subsequent use against possibility of infection from contaminated cases. 
Means for sterilizing mailing cases, especially of paper or pasteboard, have 
been unsatisfactory. Boiling, autoclaving and sterilizing by dry heat are, of 
course impossible without practically destroying the case, and it has been 
thought that formaldehyde gas was not penetrating enough to be effective. 


Fig. 8. 


The formaldehyde sterilizer shown in Fig. 8 consists of a galvanized iron 
box 18” x 18” x 36” mounted upon iron legs to raise it a convenient dis- 
tance from the floor. A quarter inch mesh galvanized iron screen tray is 
inserted on brackets, which hold it about two inches above the bottom of 
the receptable which is of copper. The lid, hinged at the back, carries an 
outer structure to which is attached an iron rod threaded and carrying a 
thumb nut at its lower end. This may be clamped tightly under the half 
staples on the face of the box, closing the lid firmly into an inset rim, which 
is supplied with an asbestos gasket, thereby hermetically sealing the recep- 
tacle. The used mailing cases are cast into the apparatus as the specimens 
are removed from them. One ounce of formalin is then poured down the side 
of the sterilizer held in a slightly slanting position, so that it reaches the 
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copper base under the tray. The lid is clamped down and a small Bunsen 
flame placed beneath for five minutes. The sterilizer is allowed to remain 
closed overnight when the cases will have been thoroughly sterilized and 
ready for further use. 

Bacteriologie and biologie tests have proved the efficacy of the steriliza- 
tion. Dried tuberculous sputum thus treated has been proved innocuous. 
Wet specimens are found to have absorbed an amount of formaldehyde which 
if inoculated into a guinea pig within twenty-four hours after their removal 
from the sterilizer is capable of killing the pig in a short time. Specimens 
allowed to become free from absorbed formaldehyde by longer standing 
have proved noninfectious. 

The marked penetration of the formaldehyde is due to the pressure caused 
by the application of heat to the hermetically sealed box. 


Where mailing cases would be otherwise destroyed, the saving of ex- 
pense by this instrument is easily calculable. 


STAINING TRAY FOR SMEAR PREPARATIONS 


This apparatus was especially constructed for staining sputum smears 
for tubercle bacilli. When a stain need not be heated the stain-bath method 
much in use for bulk work is permissible, but where heating is necessary, 
as for tuberele bacilli, this method is of doubtful value. In the first place, 
heating the stain to steaming, as is required, must of necessity cause evapora- 
tion and deleterious chemical changes in the stain which render it less efficient 
in subsequent use. Secondly, the heating of a stain to steaming and dipping 
into it the eold fixed smears produces a physical effect upon the tubercle 
bacilli in its affinity to take up and hold the fuchsin stain against the action 
of acids, entirely different from those produced by placing the cold stain 
upon the smear and heating the glass slide to a temperature sufficient to 
cause the stain to come to steaming. This difference and the lesser efficacy 


of the bath method have been well proved. 


u 
Fig. 9. 
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The apparatus shown in Fig. 9 consists of three separate trays, (as shown 
at c) so constructed as to hold aeross an open frame twenty microscopic slides. 
These are held in place, posteriorly by a right-angled edge perforated for 
drainage and, anteriorly, by a slightly raised beading in the copper frame. 
The trays, after receiving the smeared slides are placed upon the brackets 
above the drain basin. The brackets are hinged so that the trays may be 
tilted sufficiently for thorough drainage during washing and are supplied 
with a set screw (A) to adjust the level in order to hold the stain properly 
upon the slides. They are raised above the basin a sufficient distance to allow 
of the application of heat beneath the slides by means of a Bunsen burner 
of the type shown (D). Above the trays are taps (B) from which lead rubber 
hoses for convenient washing. I, II, and III show the trays, in place for 
staining, tilted for washing and the bracket with the tray (c) removed, re- 
spectively. Drying of the smears is hastened by means of the fan F and the 
formaldehyde sterilizer for receiving the mailing cases is shown at E£. In 
front of the drain basin is a small platform for holding the specimen bottles. 
These, after use, are placed, uncorked into buckets containing carbolic acid 
(5 per cent). The back wall of the drain basin is extended well up beyond 
the taps to protect the surrounding wall completely and collect all drainage. 
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Fig. 10. 


This arrangement has proved convenient, rapid of operation and satis- 
factory. It allows of staining sixty smears in a series under the advantageous 
conditions obtaining in the handling of a single specimen. 


VACUUM VACCINE COLLECTOR 


Although little used in this laboratory because the production of stock 
vaccines has not been undertaken by the Pennsylvania Department of Health, 
the instrument shown in Fig. 10 is of value in laboratories dealing with these 
products in bulk. It consists of a hollow copper staff bent at the distal end 
at a 30° angle and carrying a cross tube having a slit 4%.” upon its lower 
surface. This portion of the instrument is accredited to Lieut. Cole, of the 
Army Medical School. The novel feature of the instrument represented 
lies in the mechanical cut-off for the vacuum. This is accomplished by the 
insertion of the staff into a 10 ¢.c. syringe of the Ditmer-Robinson type having 
a solid plunger. A side arm tube is inserted into the barrel of the syringe one and 
one-half inches from the tip and a brass spring placed inside the syringe 
beneath the plunger. The spring is constructed to have a contraction which 
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will allow the plunger to be pressed in beyond the opening of the side arm 
and a recoil which will force the plunger out beyond this point. Thus, if 
pressure is applied to the plunger, the vacuum which is attached to the 
side arm is cut off, and opened upon the release of the plunger. During the 
lifting of the growth from the culture flasks into suspension, the vacuum is, 
therefore, cut off by pressure on the piston and release of this allows the 
yacuum to become active and draw the suspension of bacteria into the 
yacuum flask. 

This instrument may be-satisfactorily substituted for the simple staff 
and rubber tube attachment much in use, where the eut off of the vacuum 
must be accomplished by hand pressure on the rubber tubing, which is very 
tiring. It is important that the spring be of strong spring brass wire and that 
the instrument be cleaned occasionally to insure a free working condition. 


SHAKING MACHINE 


The last instrument to be described in this paper is a shaking machine 
of a new type which has proved efficient. 


Fig. 11. 


The instrument shown in Fig. 11 is compact and based upon mechanical 
principles whieh are practical and bring about a method of shaking which 
closely simulates that produced by the human hand. The arms, carrying the 
bottle or tube holders at each end, are pivoted somewhat above the middle 
to a stationary frame and are fenestrated to accommodate the slide of an 
eccentrie attached to a central axle holding the drive gear or wheel. The 
eccentries of the two arms are arranged at opposite poles so that the movement 
of the two sides is compensatory and eliminates almost entirely any vibration 
of the instrument. The drive gear receives its power direct from the motor 
by means of a worm. The gears are so proportioned that a motor of 1800 
R.P.M. causes an oscillation of the arms at the rate of 200 per minute. 
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The upper tube holders shown in the figure are for multiple tubes, as in 
vaccine and sputum work, while the lower are of the type for a single larger 
bottle. The upper are interchangeable for a still larger single container for 
greater bulk material, as for antigen extraction. The holders are held in 
place by fixed points in the rear and by adjustable points anteriorly, held 
firmly in place by set nuts. The multiple holder is shown more in detail 
in Fig. 12 with the buffers of sponge rubber (b), rubber sheaths and a vaccine 
bottle (a) in place. A 25 c.c. homeopathic vial has proved satisfactory for 
this purpose. It rests upon a buffer of sponge rubber at the base and the 
rubber stopper acts as a buffer at the top. The bottles are further retained 
by covering the entire holder with the lid which is clipped into a slit in the 
frame posteriorly and held anteriorly by a spring-catch clamp. The holder is 
divided into eight sections by a brass lattice, allowing of the shaking of sixteen 


specimens to the load. This can be further increased by surmounting the 
holder with others of similar construction in the place of the lid. The single 
containers are similarly arranged as to the method of holding the specimen 
bottle. 

The current set up in the shaken fluid or suspension by the machine having 
a motion through a portion of an are is in every direction and is consequently 
efficient. Moreover, the arms being pivoted above the eccentric, move more 
rapidly when the eccentric slide is at the upper pole than at the lower giving 
a distinet acceleration at every cycle which tends further toward thorough 
mixing. Vaccines are broken up into a homogeneous suspension in a very few 
minutes. Organic tissue in aleohol, in the presence of glass beads is pulver- 
ized almost as completely as if ground in a mortar. 

A later model of the shaking machine substitutes a simple pulley for the 
gear drive and with the motor turned sidewise a belt drive. This lessens 
the compactness of the instrument to only a slight extent and is more satis- 
factory for continuous use on account of the lessened friction. 
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SUMMARY 

Eight new instruments and their uses are described for the facilitation 
of laboratory procedures, including: 

1. An Automatic Precision Pipette. 

2. A Multiple Centrifuge Tube Holder. 

3. A Pipette Dryer. 

. A Mailing Case Opener. 

. A Formaldehyde Sterilizer for Mailing Cases. 
. A Staining Tray for Smear Preparations. 

. A Vacuum Vaccine Collector. 

. A Shaking Machine. 

All of the pieces of apparatus have novel features and their usefulness 
has been proved in their employment over a period of two and a half years 
in the Pennsylvania Department of Health Laboratories. 

The author wishes to express his indebtedness to Dr. John R. Conover, 
Assistant Chief of the Pennsylvania Department of Health Laboratories, for 
his assistance in the devising of the Automatic Precision Pipette; to P. Ran- 
dolph Hall, Instructor in Mechanical Engineering, and Miles E. Nelson, 
Mechanician in the Electrical Engineering Department, University of Penn- 
sylvania, for the mechanical construction in the experimental work; and to 
yeorge H. Wahmann, of Baltimore, for the construction of the instruments. 


SOURCES OF ERROR IN THE EPSTEIN METHOD FOR BLOOD SUGAR 
DETERMINATION AND A MODIFIED TECHNIC 


By C. M. St. Louris, Mo.t 


HE Epstein method’ for the determination of blood-sugar, using .2 ¢.c. of 

blood, is in reality a modification of the original Lewis and Benedict pro- 
cedure, and its simplicity makes it an ideal method for use in clinical investi- 
gation. Sinee it is often desirable to obtain blood at very short intervals 
during sugar tolerance tests, with the least possible inconvenience to the 
patient, this is the method of choice if it proves to be sufficiently accurate. In 
a few preliminary determinations however, the results obtained seemed too 
high, and it was considered advisable to check the method before further work 
was done. 

Briefly the technic described by Epstein uses .2 ¢.c. of blood, obtained 
from the lobe of the ear or the finger, which is put into sodium fluoride solu- 
tion and laked by adding water up to the 1 ¢.c. mark on the tube. The pro- 
teins are then precipitated with picrie acid which is added to a total volume 
of 2.5 ee. After filtration 1 ¢.c. of the filtrate is carefully heated over the 
naked flame. The contents of the tube are boiled until all but 2 or 3 drops of 
the solution is evaporated. One-half cubic centimeter of 10 per cent sodium 


“Received for publication, October 13, 1921. 
+From the Medical Service of the Jewish Hospital. 
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carbonate solution is then added and the tube heated again until the contents 
are concentrated to a small volume equal to about 2 or 3 drops. The color 
changes from yellow to deep red or reddish brown and the reaction is compete. 
With careful rinsing the contents of the tube are then transferred to the grad- 
uated tube of the hemoglobinometer and compared with the standard solutions, 

In checking the method, accurate standard glucose solutions were prepared 
which contained respectively 50, 80, 100, 200, 250, and 280 mg. of glucose in 100 
c.c. of water. Two-tenths of a c¢.c. of each solution was then treated according to 
the Epstein technic. In every case the percentage obtained was found to be 
considerably higher than expected. Each step in the technic was carefully 
checked, and in order to eliminate the personal equation, the color comparisons 
were usually made with a second party to check the result; but even with the 
most careful manipulation the results continued high, and a characteristic 
set of readings is given in Table I.21. The source of error was naturally first 
sought in the apparatus, and therefore the pipettes, graduated tubes, and 
standard solutions were all carefully checked but were found to be sufficiently 
accurate. Furthermore the error was not constant when duplicate determina- 
tions were made on the same solution. 

It seemed evident that the source of error must be sought in the method. 
The step most likely to give this error is the one where 1 ¢.c. of the picrated 
filtrate is concentrated by boiling to 2 or 3 drops, and 14 ¢.e. of 10 per cent 
sodium carbonate added, and the solution again boiled down to a volume of 
2 or 3 drops. When the amount of alkali used here (% e.c. of 10 per cent 
sodium carbonate) per unit volume of blood (.08 ¢.¢.), is compared with the 
amount used in the original Lewis and Benedict method? we find that they 
use the equivalent of \% e.e. of 10 per cent sodium carbonate per .08 c.c. of 
blood, while the Myers and Bailey modification® uses a trifle more than 
e.c. of 10 per cent sodium earbonate per .08 ¢.c. of blood. In the Epstein 
technic at least twice the amount of alkali needed, per unit volume of blood, 
is used, and in addition the filtrate representing this amount of blood is 


concentrated by boiling to about 14 its original volume both before and after 


the addition of alkali. 
The monosaecharides are unstable in alkaline solutions and the degree 


of instability is directly proportional to the amount of alkali and the tem- 


TABLE I 


RESULTS ON GLUCOSE SOLUTIONS 


PER CENT BY EPSTEIN PER CENT BY MODIFIED 


PER CENT OF GLUCOSE 


IN SOLUTION TECHNIC TECHNIC 

05 (1) .061 
(2) .079 (2) .055 

08 (1) .084 
(2) .108 (2) .082 

10 (1) .114 
(2) .126 (2) .104 

20 (1) .210 
(2) .222 (2) .202 

250 (1) .260 
(2) .272 (2) .258 


10 286 
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perature. If a simple solution of glucose is heated with an alkali, decom- 
position and condensation occur, producing caramel and other substances which 
give a yellow or brownish color to the solution. These dissociation products, 
before condensation takes place, have strong reducing ability, and if some 
reducible substance (picrie acid) is present, they will reduce it as they are 
formed. Small amounts of glucose, as dilute as .05 per cent, when boiled 
with % ee. of 10 per cent sodium carbonate, will give a yellow or brown 
color, showing that this amount of alkali is sufficient to produce the decom- 
position. Without a doubt the combination of too much alkali plus the 
greater heat obtained over the naked flame, as used by Epstein, causes some 
of the glucose to be broken into these several particles, each of which may 
bring about the reduction of a molecule of picrie acid, and thus slightly more 
reducing material is produced from a given amount of glucose. 

With the above source of error in mind, Epstein’s technie was modified 


as follows: 


Using the Epstein saccharimeter, 2 ¢.c. of blood, obtained from the lobe of the ear 
or the finger, is drawn into the pipette. The blood is then transferred to the graduated 
mixing tube which contains a small amount of powdered potassium oxalate. The blood 
pipette is rinsed 2 or 3 times with water which is added to the blood in the tube. 
Distilled water is added up to the 1 ¢.c. mark and the blood is laked. Saturated picric 
acid is then added to the 2.5 ¢.c. mark and the tube thoroughly shaken. The contents are 
then filtered. One e.c. of the protein free filtrate is transferred to the boiling tube and 
concentrated over the naked flame, before the addition of sodiwm carbonate, to a volume 
ot 14 e@e., cooled under running water, and 1% c.c. of 10 per cent sodium carbonate added. 
The tube is then put in a water-bath, in water at room temperature, and left in for fifteen 
minutes or more* from the time at which vigorous boiling begins. At the end of this time 
it is removed, cooled under running water, and the contents transferred to the graduated 
tube. The boiling tube is then rinsed with 2 or 3 drops of distilled water at a time and 
these rinsings transferred to the graduated tube of the hemoglobinometer, by means of a 
small pipette with a capillary tip. These rinsings are repeated with 1 or 2 drops of water 
until the volume in the graduated tube has been made up to the 50 mark (1 ec.) The 
solution is then compared with standard tubes which accompany the saccharimeter and the 
per cent of glucose calculated according to directions sent with the apparatus. 


We have substituted a smaller boiling tube than the one supplied with 
the Epstein apparatus and have graduated it at % ¢.c., so that the concentra- 
tion of the filtrate can be accurately done. By using the smaller tube and 
transferring the small rinsings with a capillary tipped pipette, we find that 
the 14 ee. is sufficient to wash all the material from the boiling tube. Table 
I? shows the comparative results obtained by the original Epstein technic 
and this modification, when used on standard glucose solutions. 

The effect of creatinine on sugar determinations by the Lewis and Bene- 
dict method has been the subject of much discussion, and the results using 
the three methods, i.e., Epstein, Modified Epstein, and the Benedict modifica- 
tion of the Lewis and Benedict, are given in Table II. The amount of 
creatinine added to each solution (10 mgs.) if it all reacted to produce 
pieramie acid, should add one point in the second figure to the per cent of 


*It was noticed on several occasions that boiling for less than fifteen minutes did not com- 
plete the reaction. 
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glucose. From these results we see that the Epstein method probably causes 
reaction of all the creatinine plus the error referred to above, and that the 
modification reacts to creatinine in full amounts. However when we consider 
that creatinine is normally present in amounts from 1 to 2 mgs., we see that 
even a high normal amount would add only .002 to the per cent of glucose. 

In Table III the figures obtained on blood are shown. The results ob- 
tained by the Epstein technic are seen to be both high and inconstant. This 
variability is apparently due directly to the amount of concentration after 
addition of the alkali, for in some of the duplicate determinations the con- 
centration was not carried as far as 2 or 3 drops and here slightly lower figures 


were obtained. 


TABLE II 
RESULTS OBTAINED USING GLUCOSE AND CREATININE 
SOLUTION CONTAINING PER CENT BY PER CENT BY PER CENT BY BENEDICT 
PER 100 C.Cc. EPSTEIN MODIFIED MODIFICATION OF LEWIS 
TECHNIC TECHNIC AND BENEDICT METHOD 
50 milligrams glucose 085 .056 
10 milligrams creatinine 
80 milligrams glucose 129 092 
10 milligrams creatinine 
100 milligrams glucose .140 106 095 
10 milligrams creatinine 128 105 
200 milligrams glucose .240 .208 204 
10 milligrams creatinine 
250 milligrams glucose .285 .258 .252 


10 milligrams creatinine 


In most of the cases duplicate determinations by the modified technic are 
given, using the average of readings with the .05 and .1 per cent standards, 
and are seen to cheek very well. 

In order to be sure that the modified technie was reacting with all of the 
sugar present in blood, known amounts of glucose were added to blood in 
which the sugar had previously been determined, and the percentage obtained 
compared with the ealeulated value; the results are shown in Table IV. It is 
seen that the modification recovers the added glucose, and that even the 
greatest differences do not account for the discrepancy between it and the 
original Epstein. A comparison with the figures of Hést and Hatlehol* show 
that the results are as good as can be expected with a colorimetric method. 

In 1916 Epstein® ° published two articles in which the blood sugar was 
studied in patients before and after operation. The results published in the 
first paper were obtained by the Lewis and Benedict method and in the 
second by the Epstein procedure. It is seen that his results, on patients before 
operation, show the same difference between the two methods that we have 
demonstrated, an average of .093 per cent by the Lewis and Benedict and 
.126 per cent by the Epstein technic. But for some unaccountable reason this 
diserepancy has been passed by without comment or criticism. 
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TABLE III* 
RESULTS ON BLOOD 
CASE EPSTEIN TECHNIC PER CENT MODIFIED TECHNIC PER CENT 
1 148 106 
2 082 
3 .148 (.1 standard) .114 (.1 standard) 
Acute Articular Rheumatism 105 (.05 standard) 
.109 average 
140 (.1 standard) -116 (.1 standard) 


105 (.05 standard) 
.110 average 


4 -146 (.1 standard) 10 (.1 standard) 
Healthy -103 (.05 standard) 
.101 average 
140 (.1 standard) 10 (.1 standard) 


105 (.05 standard) 
.102 average 
5 118 (.1 standard) -10 (.1 standard) 
Healthy .099 (.05 standard) 
.099 average 
.10 (.1 standard) 
10 (.05 standard) 


6 (.1 standard) .106 (.1 standard) 

Healthy (.05 standard) 
.105 average 

.136 (.1 standard) .104 (.1 standard) 


-109 (.05 standard) 
.106 average 


7 148 (.1 standard) .114 (.1 standard) 

Hypopituitary (.05 standard) 
.115 average 

8 152 (.1 standard) -130 (.1 standard) 

Typhoid Mastoiditis Pyelitis .134 (.05 standard) 
.132 average 

170 (.1 standard) .134 (.1 standard) 


.134 (.05 standard) 
.134 average 


9 138 (.1 standard) .096 (.05 standard) 
Healthy 

166 (.1 standard) .102 (.1 standard) 

102 (.05 standard) 

San .196 (.1 standard) .166 (.1 standard) 

Infection of Foot 196 (.1 standard) 168 (.1 standard) 
.167 average 

180 (.1 standard) 158 (.1 standard) 

Hernia 9th Postoperative Day 160 (.1 standard) 


.159 average 


= *None of the cases are fasting specimens, in all the blood was taken shortly after breakfast 
r diner. 


CONCLUSIONS 


The Epstein method for blood-sugar determination when checked against 
standard glucose solutions and blood, gives results which are always too high 
and the per cent of error is not constant. This source of error is due (1) to 
the use of too great a concentration of alkali (2) too much heat (3) coneen- 
tration of the protein free filtrate to too small a volume both before and after 
the addition of alkali. 

The modification given brings the accuracy of the Epstein method reason- 
ably up to that of the Lewis and Benedict procedure. 
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; TABLE IV 
RESULTS WHEN KNoWN AMOUNTS OF GLUCOSE ARE ADDED TO BLOOD 


CASE BLOOD AS DRAWN GLUCOSE ADDED PER CENT PER CENT BY DIFFERENCE 
PER CENT CALCULATED MODIFIED TECHNIC 
7 115, 1 ce. of .040 165 + .001. 


per cent sol. 
added to 1 e.e. 
of filtrate 

6 105 1 ee. of .040 170 + .015 
per cent sol. 
added to 1 e.e. 
of filtrate 

105 of .040 .255 .260 + 

per cent sol. 
added to 1 e.e. 
of filtrate 

12 of .040 121 .130 + .009. 
per cent sol. 
added to 1 e.e. 
of filtrate 


2 ee. added .166 - .005 
@e, added 231 210 - 
4 added 271 .258 - .015 
S ce. of .020 151 .150 - .001 


per cent sol. 
added to blood 
in Jaking (.064 
mg. added to 1 e.e. 
of filtrate) 
8 132 1 ee. of .040 182 186 + .004. 
per cent sol, 
added to 1 e.e. 
of filtrate 
9 102 1 ce. of .040 152 160 + .008 
per cent sol. 
added to 1 
of filtrate 
added 252 .250 - .002. 
10 167 2 ec. of .040 .267 274 + .007. 
per cent sol, 
added to 1 
of filtrate 
11 159 2 ec. of .040 .259 .264 + .005. 
per cent sol. 
added to 1 c.c. 
of filtrate 


It should be emphasized that work which has been done in the past on 
the sugar tolerance in various diseases, using the Epstein method, has prob- 


ably given results which are too high and inconstant. 
In conclusion I wish to thank Dr. Jerome E. Cook for the opportunity 


and facilities which he offered for the conduction of this investigation, and 
for his valuable suggestions and kindly interest. 
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THE BLOOD-SUGAR CONTENT OF CAPILLARY BLOOD AS COMPARED 
WITH THAT OF VENOUS BLOOD* 


By Isaac Nevuwirty, B.S., anp S. KLEINER, PH.D. 


A NUMBER of methods have, in recent years, been devised for the deter- 
mination of sugar in very small amounts of blood.1. These methods have 
enabled the clinician to make blood-sugar tests without entering a vein and 
have been widely used. Quite recently one of the present authors (K) has 
described another micromethod? for blood-sugar which simplifies and shortens 
the procedure to a considerable extent. 

Naturally the blood for a micro-determination is taken from the finger 
or ear-lobe. This is, of course, capillary blood mixed with a small amount of 
tissue fluid. Although there is no good reason to suppose that this will differ 
materially from venous blood in sugar content, it seemed worth while to test 
the point, in order that we may know whether it is correct to use venous and 
capillary blood-sugar values interchangeably. 

Bang® has summarized the older literature on comparisons of arterial and 
venous blood sugar, which might be expected to throw more light on the sub- 
ject since capillary blood should not differ markedly from arterial. In gen- 
eral the arterial figures are higher than venous but the variations between 
different investigations in which different technic and different animals were 
employed is tremendous. In fact, Bang says,* ‘‘Die Frage iiber den relativen 
Gehalt des Muskelarterien und Venblutes in der Ruhe ist also noch nicht ex- 
perimentell gelost und bedarf neuer Untersuchungen.’’ There seems to be no 
record of comparisons between capillary and venous blood-sugar, however. 

The present experiments were performed upon twenty medical students, 
during the course of their usual work at college. All except subjects 7 and 8 
were males. Capillary blood was collected from a finger and about one min- 
ute later venous blood was drawn from a vein of the same arm.t 

That we were dealing with arterial (capillary) and with venous blood, 
was evident from the color of the samples. Analysis of the blood was begun 
at onee; the Kleiner micromethod, a modification of Benedict’s picrate-picric 
acid technie, was used. The results are given in Table I. 

It will be seen that of the 20 comparative tests, five show identical values, 
in two the venous figure exceeds the capillary and in thirteen the capillary fig- 
ure is higher. The greatest difference is 0.02 per cent, found in two instances. 
In other words in eighteen out of the twenty experiments the results did not 
differ over 0.01 per cent, and in the other two only 0.02 per cent. Evidently 


*(From the Department of Physiological Chemistry of the New York Homeopathic Medical Col- 


lege and Flower Hospital). 
+We wish to thank Dr. Leo M. Powell and Mr. Joseph I. Nevins for obtaining the blood samples 


end also the students who acted as subjects. 
Received for publication, Aug. 18, 1921. 
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the capillary blood-sugar closely parallels the venous and for all clinical pur- 


poses can be accepted as equivalent. 
An average of all twenty capillary figures is 0.136 per cent as against 


0.130 per cent for the venous. This result, as well as the fact that in the 


TABLE I 


CoMPARISON OF BLOOD-SuGAR CONTENT OF CAPILLARY AND Venous BiLoop OBTAINED SIMUL- 
: TANEOUSLY, USING MICROMETHOD THROUGHOUT 


NO. CAPILLARY VENOUS TIME ELAPSED SINCE LAST MEAL 
BLOOD BLOOD 

1 0.14% 0.13% 2 hours after breakfast 

2 0.10 0.09 5 hours after breakfast 

3 0.12 0.11 41/4 hours after breakfast 

4 0.12 0.11 3 hours after breakfast 

5 0.12 0.12 1/2 hour after eating 1 apple and 43/4 hours 

after breakfast 

6 0.12 0.12 1/2 hour after lunch 

7 0.12 0.12 no breakfast; candy during morning 
8 0.11 0.11 5 hours after breakfast 

9 0.13 0.12 3 hours after breakfast 

10 0.15 0.14 3/4 hours after lunch 
11 0.17 0.16 1/2 hour after lunch 

12 0.16 0.14 1 hour after lunch 

13 0.12 0.13 4 hours after breakfast 
14 0.12 0.12 4 hours after breakfast 

15 0.12 0.13 4 hours after breakfast 

16 0.13 0.12 33/4 hours after breakfast 

17 0.14 0.13 3/4 hours after lunch 

18 0.18 0.16 1 hour after lunch 

19 0.17 0.16 3/4 hour after lunch 

20 0.18 0.17 1 hour after lunch 


TABLE II 
COMPARISON OF MICRO AND Macro BLoop-Sucar METHODS 


| 


NO. MICROMETHOD MACROMETHOD 
(KLEINER) (MYERS-BAILEY ) 

1 0.13% 0.138% 

2 0.09 0.09 

3 0.11 0.10 

4 0.11 0.10 

5 0.12 0.12 

6 0.12 0.12 

7 0.12 0.13 

8 0.11 0.12 

9 0.12 0.13 

10 0.14 (0.135) 0.11 (0.114) 
11 0.16 0.17 

12 0.14 0.13 

13 0.13 0.12 

14 0.12 0.11 

15 0.21 0.20 

16 0.11 0.11 

17 0.14 0.13 

18 0.11 0.12 

19 0.12 0.11 

20 0.13 0.12 

21 0.16 0.15 

22 0.27 0.296 

23 0.10 0.116 

24 0.10 0.10 

25 0.50 0.486; 0.49 


26 0.21 0.20 


+9 
. 
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majority of the experiments, the capillary blood was slightly higher, har- 
monizes with the theoretic expectation. Indeed, Bang has calculated that 
arterial blood should contain on an average 0.01 per cent more than venous. 
Our averages closely approximate his calculation. 

We wish also to present some figures showing the degree of accuracy to 
be obtained with the method employed. In this series (Table II) blood was 
analyzed by both the micromethod mentioned above, and by the Myers-Bailey 
modifieation® of the Lewis-Benedict method. In the former 0.2 ¢.c. and in the 
latter 2.0 e.c. of blood are used. It will be seen that the results agree closely 


enough for clinical purposes. 
SUMMARY 


In twenty individuals the capillary blood-sugar was found to closely par- 
allel the venous blood-sugar. For clinical purposes the two values may be 


considered identical. 
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EDITORIALS 


Newer Conceptions Concerning Shock 


TUDIES, facilitated by the abundance of clinical material during the 
World War, have developed new conceptions of the causation of shock 
and have stimulated research work on this subject. The more important 
recent work and the newer theories have been summarized and discussed 
recently in these columns. The weight of evidence indicates that traumatic 
shock follows liberation into the cireulation of a hypothetical substance de- 
rived from damaged tissues. This substance resembles hystamine both in its 
action and its chemical constitution. One important action apparently is the 
production of a general capillary dilation. The diminished blood volume 
found in shock appears to be due first to stagnation of the circulating blood 
in the inereased eapillary beds, and second to loss of fluid from the blood 
through hyperpermeable endothelium, damaged by the toxie substanee. Addi- 
tional work within the last few months has served to substantiate these find- 
ings and has facilitated further understanding of the underlying processes. 
There are still those who maintain that the lowered blood pressure charac- 
teristically found in shock is related to abnormal functioning of the adrenal 
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glands, as adrenal exhaustion. Rich has recently shown quite conclusively 
that in standardized experimental shock in which all variables are kept as 
nearly constant as possible, adrenalectomized animals reacted to shock exactly 
as did normal controls, the time required for the production of shock and 
the character of the blood pressure curves being the same in both types of 
animals. The experiments were so timed that they were not complicated by 
the subsequent hypotension characteristic of adrenal insufficiency. He con- 
eluded from his rather extensive experiments that disordered adrenal function 
is not a factor in the production of shock. In shock it is not epinephrin in- 
sufficiency which accounts for the fall in blood pressure. 

Rich coneluded that cardiac failure is not a factor in the production of 
shock. The heart functioned satisfactorily at all times, and in every experi- 
ment in which the animal was allowed to die in shock, the immediate cause of 
death was respiratory rather than cardiac. Stimulation of the central end of 
one cut vagus nerve caused reflex cardiac inhibition even in the most extreme 
degrees of shock. This vagus reflex was elicited even when the systolic pressure 
was as low as 20 mm. Section of the vagi was found to consistently increase 
the heart rate even in profound shock. Division of the vagi before the trau- 
matism eausing shock did not alter in any way the characteristic blood pres- 
sure curve. Rich also concludes that exhaustion of the vasomotor center is 
not a primary factor in shock. Stimulation of the sciatic nerve still produced 
a definite pressor response when the blood pressure was as low as 22 mm. 

Granting that low blood pressure is a characteristic of shock and that 
in all probability it is a result of diminished circulating blood volume, what 
are the effects of this reduced blood pressure and volume on the various 
organs? Following diminution of blood volume either from hemorrhage or 
from shock there is at the outset no change in the blood pressure. It is only 
after an appreciable interval that the pressure commences to fall. For a time 
the normal tension is maintained by constriction of the peripheral vessels. 
This diminishes the eapacity of the blood system. As the total blood volume 
falls below the minimum capacity of the system there may be a final relaxa- 
tion of vascular tone from the diminished activity of the vasomotor system. 
This would serve to depress still further the falling blood pressure. 

The vasoconstriction which, following moderate diminution in blood vol- 
ume, serves to maintain the normal tension is not necessarily evenly distrib- 
uted throughout the organs of the body. Thus, Gespell has shown that with 
the removal of ten per cent of the estimated blood volume from an animal 
the reduction of volume flow per minute through the submaxillary glands 
amounts to sixty per cent of the basal flow, while there is little or no simul- 
taneous lessening of the volume flow through the brain or the heart. In the 
presence of normal arterial pressure the blood vessels of the central nervous 
system and of the heart do not contract. Thus, extensive contraction in other 
tissues of the body serves to maintain an adequate blood supply to these 
organs. 

Cannon and Cattell point out that the three essential elements which the 
blood eonveys to the body cells are food, water and oxygen. The cells are 
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able to sustain a prolonged absence of fresh food supply in the blood without 
disturbance of function. To a lesser extent this is also true of fresh water 
supply in the blood. Oxygen on the contrary is essential and must be sup- 
plied at all times. The supply of oxygen in the capillaries becomes diminished 
as the blood supply lessens, first, because of primary vasoconstriction in the 
peripheral vessels, and second, as the symptoms progress, from a diminished 
blood pressure and a resultant diminished rate of blood flow. Cannon and 
Cattell raise the important question as to whether in shock there is actually 
an insufficient supply of oxygen to the tissues. 

Diminution of the head of pressure in the circulatory system will diminish 
the rapidity of flow and will thereby increase the length of time required for 
the transportation of oxygen from the lungs to the tissues. The accumulation 
of blood in the eapillary system results in prolonged contact between the 
erythrocytes and the tissues. Theoretically, therefore, more oxygen will at 
first be extracted from the blood by the tissues and less will be delivered 
thereafter per unit time. 

It is a fact first demonstrated by Henderson in 1910 that in shock there 
develops a reduction of alkali reserve in the blood, paralleling the diminution 
in blood pressure. It has been shown by various observers that at the same 
time there occurs an increase of lactic acid in the blood. There is con- 
siderable evidence to show that an insufficient oxygen supply to the tissues 
results in the formation of lactie acid. The lactic acid normally formed from 
muscular contraction cannot be burned to carbon dioxide and water if in- 
sufficient oxygen be present. Cannon and Cattell suggest that the increase of 
lactic acid resulting from diminished oxygen supply may account for the 
reduced alkali reserve. 

They have found experimentally that a reduction of blood alkali does not 
occur until after the blood pressure has fallen to below a critical level of. 
approximately 80 mm. Hg. Below this level the reduction in alkali is com- 
paratively rapid. The same critical level has been found by Aub to exist for 
fall in basal metabolism in shock. The inference is that with a systolic blood 
pressure above 80 the blood volume flow is sufficient to supply oxygen to the 
tissues, but that below this point diminished oxygen delivery results in the 
production of lactic acid and a resultant acidosis. If hemorrhage exists in 
addition to shock the critical level of blood pressure is somewhat higher, 
around 90 mm. Morphine for some unexplained reason lowers the critical 
level and delays the onset of reduction in alkali reserve. . 

With a blood pressure below the critical level the various tissues of the 
body are receiving an insufficient oxygen supply. If this condition is contin- 
ued over a prolonged period permanent damage will ensue. The length of 
time during which body cells may be deprived of oxygen and yet later return 
to normal varies for different tissues. One of the most sensitive cells of the 
body is the pyramidal cell of the cerebral cortex. Eight minutes of anemia 
kills many of these cells. The cells of the medulla are more resistant. From 
eight to thirteen minutes of anemia produces only slight changes or none at 
all, but after twenty or thirty minutes alterations oceur which prevent com- 
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plete recovery. The ganglion cells of the sympathetic nervous system may be 
completely deprived of blood for as long as an hour and yet return to normal 
function with the return of normal blood supply. Of course in shock the 
oxygen want is not absolute. 

The damaging effects of brief anoxemia on nerve cells has been shown 
by morphologic study. Cannon and Cattell have demonstrated physiologic 
deterioration of these cells following prolonged periods of hypotension below 
the critical level. They stress the gradually damaging effects of persistent 
hypotension and the prime importance of early treatment of low blood pres- 
sure in shock. 

Henderson and Haggard have emphasized the importance of deficient oxygen 
supply in the symptoms from severe hemorrhage. The fall in blood pressure 
may parallel that of shock uncomplicated by hemorrhage. The blood pressure 
may be returned approximately to normal by intravenous infusion of various 
fluids such as normal salt solution, sodium bicarbonate and gum acacia solu- 
tion, but none of these substances is as efficacious in overcoming the effect of 
hemorrhage as is the infusion of blood itself. Gum acacia is not without 
distinet dangers. Henderson and Haggard believe that the important element 
administered is the red blood cells themselves which through their oxygen 
carrying capacity relieve the oxygen want of the blood. They also find a 
reduction in the alkali reserve of the blood coincident with the reduction in 
oxygen carrying capacity, but their explanation differs radically from that of- 
fered by Cannon and Cattell. Oxygen deficiency in the circulating blood induces 
a condition of air-hunger so that more oxygen may be supplied to the blood 
through the lungs. This increased ventilation washes out a relatively large 
amount of the carbon dioxide, leaving an excess of alkali in the blood. The - 
resulting alkalosis is compensated for by the disappearance of the excess 
alkali from the blood into the tissues or into the urine. They suggest that 
oxygen administration would decrease the ventilation of the lungs thereby 
conserving carbon dioxide and that both the carbon dioxide and alkali con- 
tent of the blood would then increase, with resulting recovery. The most 
successful way to increase the oxygen in the blood would be by increasing 
the oxygen earrying elements, by transfusion. 

The newer work on shock and hemorrhage both by members of the 
‘‘acidotie’’ school and by those of the ‘‘acapneic”’ school agree definitely on 
the importance of a sufficient oxygen supply to the tissues in the prevention 
of permanent damage and a fatal outcome. 
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Medical Fellowships 


INCE the war the laboratories in medical schools and those in charge of 
them have been unable to secure the services of satisfactory assistants. The 
fact that so many clinical teachers in our medical schools have gone on full time 
and are paid much larger salaries than the laboratory men, has greatly dis- 
couraged the latter, because they have been unable to secure or retain desir- 
able assistants. If this condition should continue it would mean a great dearth 
of laboratory teachers and of laboratory investigations in our medical schools 
and indeed we are beginning to feel this already. 

In view of these facts, the Rockefeller Foundation and the General Educa- 
tion Board have placed in the hands of the National Research Council the sum 
of $100,000 annually to be used for medical fellowships. These fellowships will 
be open to citizens of both sexes of the United States and Canada. It will be 
expected that applicants will possess either the degree of Doctor of Medicine 
or Doctor of Philosophy, or a grade of scholarship corresponding to one of these 
degrees. The fellowships will not be given to universities or institutions, but to 
individuals, and the size of the stipend will be determined in each individual 
case. The fellowships are to be administered by a board, the chairman of which 
is to be, exofficio, the chairman of the Division of Medical Sciences, of the Na- 
tional Research Council. The amount of each stipend will be determined by the 
scholarly promise of the individual, his past work and his family obligations. It 
is intended that each stipend shall be large enough to enable its holder to live in 
comfort while doing his fellowship work. Inasmuch as the chief purpose of this 
endowment is to supply future teachers in medical schools, fellows will be re- 


quired to devote part of their time to teaching, but it is understood in every 


case that research work is essential. Best teachers are those who have had some 


creative experience. 

The sum appropriated will permit of the appointment of some thirty or 
more medical fellows each year and it is to be hoped that during the five years 
for which provision has been made, the scheme will prove so successful that it 
will be continued. The success of this project will depend upon its administra- 
tion. The board will need to exercise good judgment in the selection of fellows. 
Ten or fifteen years from now the establishment of these fellowships should 
begin to markedly tell upon the character and the productive scholarship of 
the faculties of our medical schools. 

The fellow will have the privilege of selecting the institution in which, and 
the man or men under whom, he will do his work. The university in which the 
work is done will be expected to furnish facilities. The Administrative Board 
of the National Research Council will determine whether the selection of the 
fellow is wise and we have ne doubt that the Board will extend to him advice 
along these lines. 

Anyone desirous of securing further information concerning these fellow- 
ships should write to the Chairman of the Division of Medical Sciences, National 
Research Council, 1701 Massachusetts Avenue, Washington, D. C. 


—V.C. V. 
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A Research Fellowship in Bacteriology 


HE Society of American Bacteriologists, at its December, 1921, meeting 

in Philadelphia, appropriated a fund for the support of a Research Fel- 
lowship in pure bacteriology. While excellent work is being carried on in 
many places, most of the problems under investigation have as their aim a 
practical application and there are, therefore, many gaps in our knowledge of 
fundamental principles. 

The Society of American Bacteriologists, believing it to be the duty of its 
members to fill these lacunae, provides that the line of work carried on under 
its fund must concern a purely scientific and fundamental phase of bacteri- 
ology, although a certain latitude of choice will be permitted, conditioned by 
the previous training and the desire of the research fellow himself. 

Applicants for the fellowship must have the degree of B.S. or its equiva- 
lent. The suecessful candidate, through arrangements now being made, will 
receive academic credits for the work done in carrying out his research, from 
a university of recognized standing. One Hundred Dollars per month will be 
available for the living expenses of the fellow. 

The Washington Branch of the Society of American Bacteriolgists has 
taken over the cultures which for the past ten years have been maintained at 
the American Museum of Natural History by Professor Winslow, and has 
deposited this collection at the Army Medical Museum, where facilities have 
been arranged for its housing and maintenance. The following have con- 
sented to act as Curators of this collection : 


Major G. R. Callender, Curator of the Army Medical Museum; 

Dr. George W. McCoy, Director Hygienie Laboratory, U. S. Publie 
Health Service; 

Major H. J. Nichols, Army Medical School; 

Dr. J. M. Sherman, Dairy Division, Bureau of Animal Industry. 


These and other members of the Society in and near Washington will do vol- 
unteer work and the research fellow will do part time work in maintaining 
the collection. No charge will be made for the cultures. In making requests, 
the elassifieation of the Society should be followed as far as possible. In- 
quiries about eultures should be addressed to the Department of Bacteriology, 
Army Medical Museum, 7th and B Streets, S. W., Washington, D. C. 
Applications for this fellowship will be passed upon by the following 
hoard: 
Dr. Vietor C. Vaughan, Chairman Division of Medical Sciences, Na- 
tional Research Council, Chairman; 
Captain C. S. Butler, Medical Corps, U. S. Navy, Commandant, Naval 
Medical School; 
Dr. George W. MeCoy, Director Hygienie Laboratory, U. 8. Publie 


Health Service; 
Dr. J. R. Mohler, Chief of Bureau of Animal Industry; 
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L. A. Rogers, (President Society of American Bacteriologists) in 
charge of Research Laboratory, Dairy Div., Bureau of Animal 
Industry ; 

Colonel Joseph F. Siler, Medical Corps, U. S. Army, Division of San- 
itation, Office of Surgeon General of the Army; 

Dr. Erwin F. Smith, Pathologist in Charge Laboratory of Plant 
Pathology, Bureau of Plant Pathology. 

Applications for this fellowship should be sent to the chairman of the 


above-named committee. 


—V.C. V. 


Where Do the Vitamins Come From? 


T is still a question in what plants and animals the vitamins originate. Is 
there any animal which can synthesize a vitamin? If this can be answered 

in the negative, we may ask, what plants synthesize vitamins, and what are 
the conditions essential to such a synthesis? As early as 1913 it was sug- 
gested by Funk that vitamins secreted in cow’s milk do not originate in the 
body of the animal, but come solely from the cow’s food. If this be true, it 
follows necessarily that the richness or the poverty of cow’s milk in vitamins 
depends solely upon the food supplied the animal. Since Funk made the sug- 
gestion, numerous investigators have experimentally studied the subject and, 
so far as we know, have quite unanimously come to the conclusion that mam- 
mals at least, do not synthesize vitamins. In 1916 McCollum and his col- 
leagues concluded that vitamins A and B pass into the milk only as they are 
present in the food of the mother. Two or three years later Steenbock and 
colleagues ascertained that the amount of fat-soluble vitamin A present in 
butter is subject to seasonal variation and especially to the food supplied the 
animal. In 1920 Hess and Unger advanced the idea that an insufficiency of 
vitamin A in milk might be due to the winter food of the cow, and about the 
same time Barnes and Dutcher and their coworkers reported a marked sea- 
sonal variation in the antiscorbutie properties of cow’s milk; indeed, it seems 
to be quite uniformly shown that the vitamins in cow’s milk at least, are 
determined by the food supplied the cow. Recently, Kennedy and Dutcher’ 
have used for their rat-feeding experiments two types of milk; one produced 
on a ration typical of that used on some farms during the winter season and 
known to be deficient in its vitamin content, and a second representing that 
produced on a ration earrying ample amounts of vitamins A and B. These 
investigators state their conclusions as follows: ‘‘(1) The presence of vita- 
mins A and B in cow’s milk is entirely dependent upon their occurrence in 
the ration. (2) Stall fed cows will produce a milk rich in vitamins, provided 
their ration consists of a proper combination of grains and leafy foods. (3) A 
vitamin-rich milk is not necessarily correlated with access to pasturage. (4) 
Ten c.c. per day of either winter or summer milk is adequate to furnish either 
vitamin A or B to a rat, provided the ration of the cow carries each in amounts 
adequate to meet her requirements. (5) Five e.c. of the same milk that pro- 
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duced normal growth when used on a higher level does not furnish enough of 
either vitamin A or B to meet the requirements of growing rats. (6) The 
effect of the vitamin is not necessarily one of appetite stimulation but rather 
stimulation of metabolic processes which promote growth.”’ 

In other words, Kennedy and Dutcher have shown that the difference 
between summer and winter milk, so far as vitamin content is concerned, is 
due to the food supplied the cow, and winter milk may be quite as rich in 
vitamin as summer milk, provided the cow is supplied with proper food dur- 
ing the winter. 

Admitting that mammals do not synthesize vitamins, it has been held by 
some that low forms of plant life, and especially the yeasts, are concerned in 
this process; indeed, the taking of yeast to supply vitamins has become a fad 
among the semiintelligent or semi-well informed people of this country. 
Yeast in various forms is now a staple article of diet among those who think 
they are keeping up with science. The question is, does yeast synthesize vita- 
mins? If so, what are the particles used by the yeast in this synthesis? Some 
years ago, Eijkman, after he had shown that rice polishings contain large 
amounts of antineuritiec vitamin, grew yeasts on these polishings and found, 
much to his surprise, that the polishings lost their antineuritie properties; in 
other words, the yeast had simply extracted from the rice polishings the vita- 
mins. The yeast had not made any vitamins. 

Recently, Eijkman and certain coworkers® have gone into this subject, 
and report: ‘‘It seems, therefore, that yeast not only takes eventually its 
antineuritie factor as such from the culture medium but that it is not even 
capable of synthesizing the vitamin unless the medium contains at least the 
produets of decomposition of the vitamin by heating.’’ 

This means that even the yeast plant does not possess the property of 
creating the ultimate constituents which are essential in the synthesis of 
vitamins. If this finding be corroborated, it must follow that yeasts vary in 
their vitamin content according to the food supplied them and that in order 
to get vitamins it would be safer to use the plant substances which we know to 


contain them. 
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Excess Protein and Mammary Secretion 


ARTWELL,' on evidence which is not altogether free from eriticism, 
holds that lactating animals should not have too much protein in their 
food. “By too much protein she seems to imply that more than thirty-three 
per cent of the dry food is protein, and thinks that on such a food the nursing 
young are likely to die. Her experiments were made on rats and the excess 
of protein was provided for by the addition to the food of edestin, blood and 
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egg albumen, gelatin, and home-made gluten. Such dietaries apparently ren- 
dered the milk poisonous and finally checked its flow. The toxicity of the 
mother’s milk is demonstrated by the development of spasms in the young. 
The cessation of the flow of milk is shown by the loss in weight of the young 
and the emptiness of their alimentary tracts after death. The mother is likely 
to put on weight at the very time the young are developing spasms and dying. 
Much has been said and written about an excess of protein in our food and 
physiologists have been divided on this point, some claiming that ordinarily 
we eat too much protein. . 

Chittenden has been the most foreeful advocate of a low protein diet. 
So far as we know, the experience of all armies in the World War fails to 
show that any harm came to any one from an excess of protein in his food, 
while it is shown that much harm came to many on account of too little pro- 
tein in the food. We are told that too little protein in the food is the cause, 
or at least is a factor in the causation, of pellagra, and possibly of other defi- 
Now comes Hartwell and tells us that too much protein in 
the food is bad during lactation. It does no harm to the mother, but it kills 
the young. We are not convinced by Hartwell’s evidence. She herself seems 
somewhat in doubt about it. Having used commercially prepared proteins in 
order to make the food excessive in this constituent, she admits that these 
commercial produets may have been denatured in some way, and that this 
may account for her results. She is also conscious of the fact that her dieta- 
ries were deficient in fat and in vitamins, and possibly the harm to the babies 
might have come from this cause rather than from an excess of protein in 
their food. At least, this is a matter which needs further investigation. So 
long as proteins in the food are split up into amino acids in the small intes- 
tine, none of which are poisonous and all of which in excess are rapidly elim- 
inated, we must, for the present at least, decline to accept Hartwell’s con- 


ciency diseases, 
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